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AFWL TR 79-141, Pts, 1,2,&3

SOQ USER GUIDE UPDATES

June 1980 Updates to SOQ80128

INTRODUCTION

This document defines the changes made to the SOQ code (SOQ80128)

between January and June of 1980. The changes either correct short-

* Acomings found in the code or, more usually, document the increased

capability being continually built into the code. The SOQ code i!

traintained as SOQ8012 8 June PL,ID = ASLOJRA as a NOS/BE-l CDC update

format file.

UPDATES

1. *ID FIXZRN

This update redefines the coeffiencets to be input to the Zernike

subroutine. This new convention is more physically meaningful in that,

at least for lower orders, the coefficients are in waves. For example,

to impose one wave peak to peak of defocus (P 4) on a beam, one would

input P(4)=1. The phase applied is now:

¢(I,J) = iPk"Zk(IJ)

The subroutine affected is ZERN. This update does not effect the rest

of the code.

2. *ID FIXJTR

This update ensures a correct definition of DF in subroutine JITRBG

since when JITRBG is called from subroutine QUAL, the X-coordinate

array contains RX/D coordinates, not the spatial coordinates.

Only one line of the code is affected by this update.

3. *ID ROTZRN

Due to different coordinate system orientations for data, it became

necessary to allow for this variation within subroutine ZERN.

Define the data x and y coordinates to be XROT and YROT, and the SOQ

x and y coordinates to be XIN and YIN. The rotation angle is then

defined to be e (in radians).

.. . .- . .. . . . . .. . . . . ..e. ...... . . . . . .. ,. .. .. . .. . . . .. . . .R . : _ ~lm .. . . . . .. .
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COSROT = COS(e)

SINROT = SINe)

XROT = XIN x COSROT + YIN x SINROT

YROT = -XIN x SINROT + YIN x COSROT

Application of Zernike polynomials to and SOQ point located at

(XIN, YIN) would then be calculated using Z(XROT, YROT). The possi-

bility of axis flips are also accounted for and are flagged by

FLIPX or FLIPY not equal to zero. Namelist ZERNS is modified to

include FLIPX, FLIPY and the rotation angle (in degrees) ZTHETA. No

common was modified. This update modified only subroutines GDL and

ZERN.
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SECTION III

MAIN EXECUTIVE CODE

1. PROGPA\1 SOQ

a. Purpose -- Program SOQ is the main driver program or executive code

for the total SOQ code. Many parameters such as mesh size, number of points,

initial position of the optical axis, the initial coordinate array, and the

initial field itself are established in this routine. Once the above param-

eters have been initialized, there are several options available for opera-

tions on the field. Those available are:

(1) Calling subroutine GDL, the executive program for

propagating the field through the optical elements

(2) Performing a quality calculation

(3) Gradient search optimization

(4) Parametric studies.

The above options can be activated in any order and as many times

as desired by successive reads of namelist START. The flag for ending

execution of the entire deck is to set WWL = 0 in the last read of

START.

b. Formalism -- The only major explicit calculations done in SOO are

those which determine the initial field when it is not to be read in. The

OPTIONS are:

(1) Plane wave - constant amplitude

(2) Plane wave - Gaussian amplitude

(3) Spherical wave - constant amplitude

(4) Spherical 'ave - Gaussian amplitude.

Letting E(x,y) represent the field, A(x,y) the field amplitude, and

(x,y) the field phase, then the field is determined by:
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E(x,y) = A(x,y) e i o ( x
'

y )  (8)

where

A(x,y) = const. 2 2 (9)const. - 2  9

e 7
J

and (0

O(x,y) = - (2+ 2) (10)
XR

The other calculations based on input distributions are performed in

subroutines.

c. Fortran -- The only common variables that are not altered in this

routine are SPACE and CFIL. The others are altered and are defined as

follows:

CU = the complex field array

X = the coordinate array

DRX = the x position of the optical axis

DRY = the y position of the optical axis

NPTS = the number of points in the x direction

NPY = the number of points in the y direction

= NPTS if SYMTRC is false

= NPTS/2 if SYMTRC is true

WL = the wavelength of the radiation

PLTSG = plotting parameter (none, amplitude, or intensity)

INT = set to 0

The relevant parameters are read into the program by means of the

namelists described below.

(I) Namelist START -- This namelist is used to initialize para-

meters such as field, mesh, and coordinates, and is used to direct the cal-

culation to other sections of SOQ. It is read repeatedly until WL < 0 is

encountered.
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,WF0C /STAWT/ 4woi*000AL. 0 ,0% 000 000049o 0040 TT .0.,01000000000

x 4A101,Fct. ~IiT N, 'YMTHiC ,UGiAO~S' 9 rlrLtS- Po.qliwap

C PL()TsI2.- AMPIrLt~ o iJHiA'4. SLICL. WJ~r

C jL') 7S3 U0. - %u ';L1CF OW 1'j-1r4Tt.N~tT? 'LUTc
C LI5*2 .4 ITFN4%Ir @ W"lA3 'LICF PLut1,
C JL1'S2I.9 j'~,.I~ Pi.ASI. 'rL.ZCL PLUTSIT(OLS
C 14CALI C0%NTIJ(P.5 1'.J %t0VFM?.tT joSItA MAIN~
C a i. , SFVCrTUAJ.CALLh Ui)L ANV j~ku CL'.A I''A uIjSI

C :81I% , r, !1WALITY ALG(,,.(TVY'Mv 4AQVCOLflT

C = C'aLl ANY~ W)j rki OJIJLL IJL )TTL.4(.WAC~, JE*RPS 7 4ELU

C a 'j cAor l)JTI'4A/ATLI)N ALA iiAVrUNi, PFAIIS ntimtT

C a 6 -'AIA~t.TQ1C S~P~5.~VL Lm tAPXNr. , AHC ARR1AY FI)d. (-10L
C O, A r 'AAM

C 4L IS.,t~1?r~~'~

C JCAL Is 1?4r!AL qI11' OF CALC~JLArL0N -JGCt10,
14'PTS T13 Pa40-14I nP9 FIELU 9bU146Th ACR4OS3 J)CA6

C j~x.3'wy rmt (xvjI. bIY t. OF TPsL LCrjoT j OF CI' IELATTVt

C ri 1-4F CPTICAL AXIS,
-* C kSi6 tT SCA~~Q kL~ Fc31A4T'd(I o,1rt pxIST1N(, CrAl., CO-EAF ANO

C IJTIA. rtEL') FwJum WhtVIJLJS kUN.* ......
*!..R -49r3T.TIN'. u-4 TF F L Tr, TO1 4F Qt.P FRO 1,4

C *VAI b+ . IF N4UTo Ow~ Tf I 41TIAL V!tLPn 4) V; AwE TO qj CALC

C IN i.,T r NiiAkt.Q 0C tAIA '3E r (J~UL AhOf CAVIT Y

C IF IU" = no THLN Tp~w Ila1 NOI CALL To -P

C
IL IA' IS ,NTT ijPFP# ')F jP~suT ; L ro vUI

C IF rk x 0. !Tr'4 4()TP~jNu I, QrAU

C A'P;ESl tS U'Nf?1AL .iMPL.t1J) ()J TAWrIN(; 'iEAM:,.JAA AM)'L1 TU)~

C F')rE (,At"rSIf.N!

C PH14Ai 15 W'ASsF FKjT toAJ1u*- JF C'.OvATUW.F :fl.O FUR PLA'4E)

C ITUMI T"I I r 6Ar IL N wUMHE4 .. . F (W.SPwFCIFIF& I T 4~FAnS JF O

C 5YATL. C I q L diI C L O .44FT w IC Ai'ALSYV() fNU r~1

C *)'A 15r, 111 L1'1A'
4
vt. AT aM41i;i GAUSbSIAN' AM.PLTTUrlt a jr/

C 00,00000 00* 4040040444404000040044'400400004

(2) Namelist QLOT -- This namelist establishes the parameters nec-

essary to perform quality calculations.

C
c TITLE ;r'Q PLOTS j4 )uA%.Iry ~krI,4E

C li~t , MTI'~r~ APA TEO FO~ r~..UAtY LT

C n 'j OIdjr'NC.TY A14U Pjw. V3 ."L/n SWIC'' (JtLUr

C I PAd-FTEL, PWO VS P4L/') .,UUL) .. .. .. .

C 1; r j, 4(1tL' OLO
1
S CAL).JLATF PJ8- *iI'T. 

1 4LY

C a3 isitrAITjUL)* PW )iSr. ; 41JT -4k; 6'w- -2L/1) ')LIrTS
C - (_LAL(: f;;qL INC,!I)F 644 JNLY...4 CAiL T- tw Lr)T

0C )" ai~ .4.j tAA'F2r 4

C X! * IN)r ,AE : INwi"iT F TFjist
C a-i SE ',At& jFT x9 F00 INIiT
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C IbJHASF rON"JOLS TF IPmASE C W~.(.TIUJN APiPLTF"' TO THF FIELL)

PL Arlk C0(I 11O

C 0 .~*'(:l-,' b1ZF P'JR U0VI1tA&'~AIUN..4V IC CALL TU -jJBL IS
L r) t, F AFOW 1))'lM 1HE HUCREr IS SPErIFEn w~FPL
C WP IC PL/!) WAUT IS~ FJj~ -PIALIrY CAL.',i fTION
C

(3) Namelist THRED -- THRED establishes the parameters required

for three-dimensional plotting routines.

~A'4 r / skiF~ / rLJ r) iT...-ICENO FOAc.A4.r

C

C J.L0 . -4 -_- *-4 t' 0.. 1 Mr4 ;JItU-4 AL P'L; % )P
C = *AL. rPF ^Wu OL0r S

C
C PLT T-' 7 c L HiI;CAL POW~ WPjT(; uF Flr.L;

C [)*,A 1,, ' I r.I.AMtTFW '.' B"")PL')r !)_ 11 f

C "L[Cv 71; '.'3CA'. FO bL.ILF P.Lo)TI OF' ;TCrI
C TI' rLtCr- !~j '-I'. PLorr TE(). IF .1 ...

L FC = i. I.( p.4 () 'lA'"I

C.

(4) Namelist OPTIM - Namelist OPT2 -- These two namelists are used

by the optimization portion of the SOQ routine. OPTIM Must be read first to

direct the optimization procedure. OPT2 establishes which parameters are to

be used in the procedure and their constraints.

NA"F.LTS~T, .;J ' , k4 e ut 'JrNO, Nievt'TTp 16
L oH z jtCq. T eiZF F'jk 'd.jA1_Tf j~jT1'4I;ArION

C jPO J",vvFW 41ITHIN W~4
C ' TCrA. P'ow~. IN 4*AM
C j I"PAK Vjl FN )TY
C. NI') IS N4uM4FW~ OP' PAO~ VAIAR'FL' To P4 .: 0PTT'4IjFt
C NR '(,T T x rjT(,tr'ST 1-duM'*. UP' t1ERAT10fS TO Ht. PtPF).4MP,)
C 0804 T wF -4FP' P CI AMk !1'of P'iW JJALI' 1 (YCAL C... IF CALLF") Tj dioAL
C FC.6LTEO To~ib IS :,iT ,j~k:Uu
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NANOLI T/))Te/ TLLL 1 EL29 ILLJ A NOI N. XA AXA L),0
C (1EL1IFL.'.TELJ) IS THE vECTtjw uEs r4r'IrG TF pOSJITrON4 OF r.4F
C 0WbTTM!/1F;) PAW~AMTLW ... IN UPIEATONOAL SPACE
C X-4IN AND) XMAX ADF TMt CJNtiTQALNT5 U14 TH~E OPTIMAZU) VOCT04
c 11,40) TS A CcrqTANT AUfl~') TO THE LJPIMA/El VARIABLE SOCH THAT
C ITS VALIF IS NEV~k tOQNUAL rO IEW)
C TMpFhdF AwF t. NU Wtlf UF CALLS TO Ti-1b NAMFLT'3T
C

(5) Namelist PARAIM -- This namelist gives the parameters to be
varied and what values are to be used.

lJAMtFL")" / 1,APA"- / NLL1*-,1L?o1NLLJ9 NIPAPA. ANR.AA
xAiN~**~ 4AA. A40AQA

C 1.LI'EL?.EL.I1 IS T).k. vtCTJI) uL5C aiTN(- ri., b.nflITIuA OF T.4L
L VAP!AI;LE "ICiN IS Wi. Ht VAII0i
c PAZA4-4AJA ALuE rHF 4V 't%4F' JF C-,ANjFc IfN FACH~ VAWTA&4LE
c *x~kw.X"0AWA~ AQ17 7,i. AW-a'r,, riAT CCNTTIf' T-F VALUFS .W'4fC!*
C A1c To .4C. iSV.

C *9 *01 nNLY --tE rT 15 U Ht VAklEU t.' , ONLY NVH NPJAA SET9
C ANI! SE I -L 1 = O. rtE NCS AOF ri.V INNW LOJOP 00*0"
c CW If9C AwJAY 1") r~ -j C 4A,1JCFr AN) ',it) CALL. AT T'H[S 71mE V)
c T-qtfi * 4 )tb.T (-JI.,4PA=O . .. 1

."itA. TwV VALIP*S C-4kf $46- c4& r
C r ! L ON T ri.) t~t StA.(TI ME1 ~ I g-)

C *4*aLl CltLL -a.oE 60L AN:,% .)A,4AM 1U Wt)IAL.PLJT ... *ILL RF4JE~t
CI- r ?,F T . AWA To. IC LOO)P

(6) Program SOQ (Program SOQ Flow Chart (Fig. 12) appears on page 40.)

PROGRAM SOQ 76/176 OPT~l FIN 4.64452 04/27/79 12.23.47

WkNUt~kAM tQ(IT.Tt1jVI;.t~~.4T$~ UMWI
A rAh*JIU9ALt~ldIO9[PLoAtll~ltAL~ MALN
d rA0I4qrAoI~qrAI6rA'LjiI.AtIdaIAItjqrAu,)oAtd&9 MAIN

CUMMON /PS3T/ WiAIC&.(LU01) LUN644e 4
CUM4FUN/Mt4.I.CUI1b3w)CILt16bbd)A(lbLNPr~4MYoUWztUWY MAIN
CUMMj.N /i.LIbIta/ ILUIbUj LNUV I I
CvmMUN. /It4LrL/ Imi M4AI1Na
UIMENSIUMIILtil S3)9I04)9VW)9AP 9 M4A IN 9

a AMt'ARAIIult XNVAWA(IUJq (MAInktotble rLTLES490)o CU1414411014 MAIN 11
COM,LL G;U.C1IL.CUIkb MAIN 1
LUjsICAL MIbrro'LuTJt).MLrLZUoO.LICLCALJLtbMrC MAI1N 13
EUUIVALENCE (CU11I)9CUN(I)j MAIN 14b
UArA iwCL(N;~g)NU?-.,.Uu.. Uwmd 3
UAtA UCALNrH.S 0 19 1N #1 9 CALL oAMVb 1 Num* syrrC,UlAUbS 9 MI MAU M4AIN lb
A / 0.00 *1NUE.9 U0 do go 1.0. -is *JDALSE.9 UU*4 9. Uo MAIN *
U^IA I1T'LES/4u.,M / MAIN I?
DAIA IQLT9Ud91bAV9IMAbL9RV89W.F /U.U.0,UJ*I.0*GeQ/ MAIN to
JArA T I rI4/zu*4M MAIN 1
UArA KH9IPUININUQ.Ndl(IToUSS /d.49I.uotUou/ MA IN 90
UAIA "LIUUA.'rb.0.f.I~U$L~.M.F~.MWMAIN 9

A /.FALbC*9.1JqU *VALbE*$Ou.U9 0*9, .Ab...09 149I.U MAIN d
UATA PLiJIS / 0. LMUPI a
UATA TITLE3./dO**M /MAIN 23



EXECUTIVE ROUTINE STRUCTURE

~INITIALIZATION jMAIN 0.143 -~MAIN 0.170

SANCBCLLH MAIN 0.172 -MAIN 0.224

CALL QUAL MAIN 0.226 -MAIN 0.231

CALL 3-D 1AN023--MI .4PLOT ROUTINES ] MI .3 .MI .4

GRADIENT 1
SEARCH JMAIN 0.245-mmMAIN 0.273

OPTIMIZATION

PARAMETRIC MAIN 0.275 -~MAIN 0.298

STguDY1.PormSO lwcat
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'4AMLIbr /brAmt wLOAeIUAONY.ITTI.WNAL CUObI 3
A A.49U.*(5 ITMum, zYmTHC 9UbAUSh * IITLL59 PINIAU MAIN 2
A 9 Ps-urti LN4JPI 3

C PLufS&-I.# AmourIuuet # P'A~i 4LLI" PLUIb LNUP 1
C iOLO1SS 0., NO SLIdL ON ISO-I.'4iNbITT PLOTS LAUP1
C PLUTSa 1.. INTLMSiryo PKIASE It.ICL 0'LVTb LAUPI 6
C P.OrSsI.. INIENSIYY b$AWk. SLICL OLOtti Ot(IPLnlI L1,1060 I
C ."CALa. CONTROL$ TO MOUMEireI INSL MAIN MAIN d
C a 49 iUL SjcrION.CALLS 4iUL AMU NEAU d~rA FROM UISA MAIN d
C a 3 CALL TO QUALITYl ALWs~yrnumt 'LAUS ULOT MAIN d
C a '. CALL TO ANY OF TmE 4uu~u PLU11INU O'ACAAGbo 14AOI T,4wt1 MAIN jo
C a S STAOTS UPfIMALAHUM .ALA OAVIL)N* KLAUS UPTIM MAIN i1
C a 6 I'AAAMtTRIC 5TUOIE%..INVULVEb C,,ANGING ABC ARRIAY FUN GOL# M4AIN i
C MEAUS OAHAM MAIN J3

C*O*'*O**O****Oo*O'.,9*O**OO*'..'.O@'.O..***O@'o"*ACMAI 4
C W0. IS MAOI~t iON 4AVtLLt4GT "Mi
C OCA. IS II4TIAI UIt OF CALLULA(IU WI6iION 14AIN 40
C NJ'Tb IS NUMbI.4 OF FIELU PNOINAb ALNUUS UCAL "ALN j1
C UWA90WY 2 Tnt (591, 00U61TIuM F rmE Ct.N~tP OF Cu WELATIV. MAIN is
1; TO t~t U~fICAL AAlb M4AIN 49
C NttTr IS CUNThIL FUH ftblAwfiNU0 al1t. t.A~sLr.4 GAIN LU-tIP ANI) MAIN 1#0
C INITIAL PIELU F'4UM P'4IVIUUu RUN.... .* ... MAIN 41
C TrRUE. IF oatbiNUm um IF PIt.&) 15 TO WI REA0 PNOM LW MAIN 42
L. FAL13t. IF NUT. JH IF INItIAL FLt.LU Ao4U 4CS ARE~ TO dt CALC MAIN '43
L, jI a Unt NUMOt.N OJF UAI'A hp-T iOW W4L ANO CAVtITY M4AIN '.4

c IF IN v 0. tpfN TmL4t At 44) CALL TU GUL M4AIN b

c In Is U-4lI Numutw 0P IN$ur t'LLU TOU jUL MAIN *7
C IF 114 a Do TtitNl NUIPII,'4 Lh MEAU MAIN 4

c £.l'GES IN JIrtAL A94NLIruUt. VP SrANII'03 dt.AM(Pt.AK A140AL17Uut MAIN '.9
C POW 5AUSSIAN) MAIN 3
C WI'IAU Ib LIS WHASt PWNM RAUIVUl O 4.UNVAIUNt 18U.0 POUN tJLANt) MAIM 131
C ITi'aOM Ih rt.. IlLkAtION NUM"L.*..IF UNS6'tCtPLU Ir Wt.AU, OFF UISA MAIN 3
C MAIN
C Sr..TR. I* LO&.CA. PON 4ymmtyNIC ANAYLbIS UN NUT MAIN 54
C U4iAU55 Ib UIAMk1Lki AT WMIC,, iAUSSIAf AMPLINUI a I.u't M4AIN S
C MAIN s

MAIN 3r

C 4MEj~/Qor TM1AIN 59
NAMLIT/L~d' TLL* luLl. Ode LSAvo LOMASt, KOOW 9F MAIN 60

C MA IN 61
C rUrL FOR PLOTS IN QUALITY NOUTIMIL MAIN 62
C IQLt IS WLOTtING P'AbAMC~t., PUN Lrot ....UQUALITY PLU(t5 MAIN 64
C a 0 1SO-INT.msIt' AMUOOOLWth VS kL/U WULO PLOTS 14AIN 66
c a I fAN-fIELj PWH VS NL/V GOULU,.... o. M4AIN h65
C a 2 NO GUOL) OLUTS CALLULATt.S Powtot U1ST. ONLY MAIN 60
C a 3 ISO-INTtNSITY 4OULu*ew U14R LiIuf 010 NOPWR .iL/0 PLOTS MAIN 61
C a 4 CALC POWER INSIO. KOO ONLY...NO CALL TO PLTUT MAIN be
C OW a WEAN ULAMtTEH M4AIN 09
C 15AV IS bAVINGj tARAMETEtf..gotooo, MAIN PC
C 200 UON(T bAvt. aj SAVt. INUT FILL MAIN 11
C B-1 UE UATA SET 09 FUN INPUT MAIN F2
C 10NAS9 CUMNULSp THE PMASl LUNNICrIONS APPLIEU TO Tft FIhLO MAIN r3
CS ag Wft. MAIM 14
C a I PLANAR CON~t.CYION MAI 11f5?
C a 2 SPtIMMCAL MAIN r6
C x 3 B0T" M4AIN T7
C '466 1b Trt dUCACT SIZE pow OprIMA4ATIUNo,.IF A CALL 10 QUAL IS MAIN ?a
C ONI StFQOe OlotIMUM4 t~t WUCALT Ib SPECIFILU RENE MAIN r9
C 14F IS WL/0 WAUIuSj FUN QUALITY CALCULAION MAIN d0
C MAIN a1

M0*C1A IN 02
C MAIN 63
C MAIN 64

NAMCLIST/ OPfUM / 909 IPU1. ININU, "aWibIT. ode MAIN as
C R6 a dUCKET SIZE FOR QUALIFY Ut'TIMIZATIUN M4AIN 6
C 10#01T a 1 P0u*A oITHIN '6 "AMAI a?
C 2 TOTAL PQWI.N IN dkAm MAIN as
C 3 OEAA INTENSITY M4AIN 69
C NGINO IS MVMWI,4 Of INU VALAWtLIS TO WE UP? IMIZL)0 MAIN 90
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C NNIGI1 a dGGtST NUMOEN UO ITEWArtuNs ro be PEfJoFUmeu MAIN 91
C Odd 15 THE StAH 0IANrtm, D*o4 WuaLiry CALC*..IF CALLC0 ru ouAL MAIN 92
C tA4L1CWNi 1Mb5 Nor Nfr~Iuk4 MAIN 93
C M4AIN 94

NAM4L15/UPTV IELIt IL6. 1It6J9 AMIN,9 XMAA9 AAU0 MAIN 96
C (tEIIL49IkLL) 15 IMt, YtCr0N UESCNii1Nou THE POSITION OF Tr'E MAIN 96
C upi'tIMIu PARAMETE ... IN UPCMA(ILNAL SPACE MAIN 97
C AMIN AND AMAA AWL rt~ CoP~brNAiNri Uii TH OPT104AZEO VECTON M4AIN 90
C AAU0 IS A COINSTANT AUOol TO rft UPT1MALIIJ VANIAbLt SUCH THAT MAIN 99
c [IS VALUt. is NcVtN t.~uuAL To Liku MAIN 190
C tNEC AWL. NINO NUm"wI OF CALLS TO IMlh NAMELIST MAIN lot
C MAIN4 I W!
C MAIN 103

C*.**..*4.O**OO****40**OO,*O*O***O,***@ OOeCMAIN I 04
C MAIN Los

NA.4CLIST / I'ANA14 / MILLI 94tLdNt.Li. iPAMAv ANPAkAo MAIN lue
A Mt.L1,Mt.L99MtL3. MIA9 AMWANA MAIN I Q

C (ELIotLiL4E IS THE VtC04 UkhCINIdLNb THE POSITION 01 THE MAIN Lod
cVANIAOLE *M'ICH is To dt VAKIILO MAIN 1U9

C VPAWA94PAWA AWLt. IN NUI4UCN Of CMAN~ekb IN tC( VAWIAW.E. MAIN 110
C ANIAOAAMPANA ANIL ILE AkWAYS THAI CONTAIN INC VALULS WHICH M4AIN III
C AWL. TU dt USCI MAIN Il
C *4**'***IF UMLV UNt SET Ib To at VANLO V.Es UN... INk NPANA st.T, MAIN Ili
C AND **ET NELL a 09 mt 4.6s Amt Tnt INNtR1 LOUP **O****MAIN 114
C IF AvC AONAY IS TO dE CMANUC~) ANV lvM) CALL. At rMIto 11t*10 MAIN 115
C AuTOt(G0L))v Tritm~ 50r No#ANAUI...IHtN Two VALUt.S CAN dt CNANOLU M4ALN 116
C IF O'4LY O~t IS TO uE CMANbtU Ski MtLLu$J MAIN L11
C ***ALL CALLS dtletthN 40.L AN) OAXAM TO QUAL.I'L~ro...jLL dt Kt.I'AICO MAIN I Id
C INSIO. TNIL PANAMtTIC LUOB' MAIN 119

Ca....a.....4................aa.................4..CMAIN 1e
C - MAIN 191
C MAIN 14

NAMELISt / TNNCO / PLurju91~Lu.OJ#IAMo MAIN 1dj
A ILTISO. WPLUI. UIAISU9 I'SLICE9 NO*. JVAL9 AMAG MAIN 194

14 AIN 1db
C MAIN Z
C PLOT30 a TNut. FOR T~mLtE uImtmbLOPAL P'LOTS OF NEAR FItLu MAIN Id?
C a *FALbE. FURN U ILUTS MAIN lies
C TITLES a TITLE INFORMATION FOR TNkdE VLMENSLONAL P'LOTS MAIN Ld9
C 01AM a UZAM4 OF ILLUSTMAI.LU FIELu ON P'LOTS M4AIN 130
C MAIN 131
C PLTIsO 13 LOOICAL FOR LSuI'LOIS OF FItLO MAIN lie
C WOLvT 1b THt. NAeJIOS OF CINCLt UNAWN UN lbOI'LOT FOR Mt~tNENCE MAIN 153
C UIAISO 15 UIA14LTt.N OF IboI'LUTS UgbLNEu MAIN IS.
C PSLICEISl L"4,CAL FOk SLI~t I'Lus uo FIELO MAIN 135
C imiP a TNE SL1Ct. IN Y-01w. ILUTTM09 IF *U... NO NPTS/id MAIN 130
C JFAZE a go NO IMASE P'LOT FUN TIS M4AIN 137
C a It GdT THE PNASt MAIN lie
C M4AIN 139

C MAIN 140

CALL LIV60O I) CoNmI
INTaU MAIN 143
11Vifto M4AIN 144
OLU-1. MAIN 145
UNA a 0. MAIN 1406
DRY a 0. MAINM 141

Pla3.1415J M4AIN 140
00 14 II1BL.4 MAIN 149

14 XSCN(II)41. M4AIN 150
[MMK a I MAIN 151
MAINIU) 8 1 M4AIN 152
INULJSS MAIN 15D3
RF a of MAIN 154

9994 Wt;AQ(,.SIARI) MAIN 155
OL a wwL CUMNI 5
NI'TsamNIIS CURMA 6
09ANAORA COMM I ?
ON I UON V CuNWI a
I'LUTS46 a PLOTS LROI a
MEAD lb#24J) TOILLS MAIN 150

1&%S FORMAT 490A41) MAIN IS?
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IF (WL .Lt. u.I liE. rv ##r MAIN I"6
waMrkL(691b0) TITLES5 MAIN b

1 O -UMI~44LN 160
A IAOlrqUvdMA. LMO/1A.JUE4MSUw)///) M4AIN 101

N40 I a -41rS0 1N I 6d
19. (SY"TrNC) WIY a 40Y/e MAIN I0J
NUts NO ~)f * NOY1AIN 14
.,iJAY a 0 MAL" 16b
AdC(LiollI 6 U)MA "AIN1 160
AunL(ed 9 1) a ONY "AiN I to
[M a IMMK #I 04AIN The
14AINL41MM10 8 NICALL, MAIN1 109
40O TO II0.U.Uu.si)NALMAIN iro

C .. ,. MAIN 111
C TWANSI-E,4 CUNOL TO 40%L MAL" Ila

IuO IF I ,4CEtIRT .OW. Idelwu. W b TU 3 MAIN INS
OjmOCAL/ftPS MAIN" L14
Al I) -0CA#i./2*OAi4. MA4INf l
00 2 IasihTb MAIN 116

a AEI)uAt111*uA MAIN 117
:r04 9 L8I.Nod M4A m 1It

9 CUE I I a CM.LACAM.'4Itbo0.) MAIN IN9
IF EPIAOO.1I rI MAIN 160
ROFACTa-1/ EiL*OhM~p4AW) MAIN I81
00 12 .Jxl*NPY MAALN 1841
JISE1 *1N;rt MAIN 103
Ts4j It A(J9**d MAIN 184
00 72 1819NOTS MAIM lob
KK~K UJ 10 mA Im 160
iKK26 j 0 * MAIN Id7
A,(KZMI a RA - I MAIN lad

* 0I a HUFACI E(I)**'~.1jU3 MAIN 169
SINP a SIN 0'"L) M4AIN 1100

CUPa CUStIPmI) MAIN 19L
Cu.45 a CuNEKAQMII MAIN4 1 i
CUM(KKKiMIU a CJNS#(CO! - LUWKK~)*Is4 MAIN 193

?2 CUM (KI(K21 a lCUMS%LNP * LUMlIKKd4(U5P M4AIN 194
71 I9(OGAUSbi.tU.U.) 00 TO bo MAIN 1%

SitsmAcGAUSS02/4 .0 MAIN 1,0
Oi S0 51jelmo* MAIN 197
NWljwuEJ-I).I'4.rS MAIN Iva
1bI X A(J)0*4 MAIN 199
sjo it iwi.fvrs MAIN duo
NcNTuNmOW. I MAIN AdoI

CU INC.4T) ACU t CNI ) 9EP(A (I ) *Od01'~) /tj MA) MAI1N d
!P1 CumT I NUE MAIN 903

opf I TEI bt %) U%7AU5S #AMtES MAIN eI14
'3d F4JeMAr~auoo (AUSSIAN AMP.LLTUOE UJlbIdN~d ON tEAS dtEN FOMb) wIIM MAIN 201b

A A I/E AMI'LIIUUt AT ULAM9.rf.MaFU..JIdH IPtAK AMLIIO2941.5i) MAIN 406
JO CONTINUE MAIN l207

Nit x ') MAIN 496
C(w ro 4 M4AIN4 219

3 IF AIU.9EJ.I 40. TO. 4 MAI1N 210
WMEAOII8) ICUEI),Lia,.Udi),AUML.EJMdNII MAIN i11
141LwIv0 Its MAIN d12

* IF (l 14 0 IU ) (jU TO 499 M4AIN 41.3
I" E1NeiEW.INUL.U*IN.Lf.3*J. W.O TO t2 MAIN 914

w~fiT1 (696) IN M4AIN d16

6 FOkMAf (97"L 1"t INP'UT VAEA tN jk m .1,4.21' PON THIS C.ALL TO 40OL MAIN dLG
A/) MAIN dir

CALL L.ISIE,(INI MAIN did
INUL Us Ir MAIN d19

b if (IrNum tj*1e 03 NIT a ITNUM MAIN 2241
CALL (OLIINMCSTCTAdCN~r9Id9UI MAIN di1
MOLD a IMNK MAIN 222t
CALUL 8 *FALbE. MAIN iiJ
441 tO 999 MAIN d44

C *................................. MAIM 226b
C VWANbFEM CUNT04UL WO QUAL MAIN 24

ZO241 01,30601LO) MAIN 22?
READ (501203) 1111.1 MAIN dis
CAL2L a .ff*Uto. MAIN d29
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dao CALL QUAL (IAitAVI LL1LLt~dAbU,IFI MAIN 930
GO0 To '91 MAIN di I

C * .... *............................ MAIN 2
C TRANSFERI CONIMOL TO ooLoTTImi 4o UUTNes MAIN d3

300 WEAUtborMNI0) MAIN k.S4
IF(IAMAbj.LQa.1.)o reO j~u MAIN dt

OU 3?r1146olNR~b MAIN d4
Jr? A I IG m (IMOh) OAAbMAN 47

00 3?? IMUjaINdO MAIN di

318 CU(IMb)mCUlImGIAMAwi MAIN dj9
4)0 IF (ILoriol CALL NtA(OIAM9TLJLkSI MAIN d60

IF (8OLTISO) CALL IsSS(TrLLJ#AOLur9u1AISOJ M4AIN go
IF CWSLICL) CALL P'WETY(N#OT1IlLL..gAl) MA IN *
Go TO 941 MAIN 24

C **8*8 8*..*,4*.**.*, **,.********..MAIN 94

C PERFOWM OIRAOIENT SEAHCA OPTIMIZATION MAIN b
* 00 00 8 Ila&9NINU MAIN 4

RlEAO (59UP'l) MAIN o
LO041911) a IELI MAIN a t
1UP449,11i a IELd M4AIN *
1010(3911) a LLW M4AIN %
XLOdiI!) a AM4IN MAIN itI
AUP(II) 2 XMAX MAIN b
AfOIAOO(LLI X AAUO MAIN d1

8 AO(IL) 0 AtCIlu'(l1.LI).w'(ldLI,IoW('t.Li))OX'AO(LI) MAIN d5
*10 IF (.NO0T.CALUL) CALL UUAL(#U9,,.TITLE,.4d.A~oUBd) MAIN 43
Jg 000 a I./ ASCIIVOT) MAIN Zb6

CALL CkSTI4N (XO09ALOW9AUP9'INUOOUQ*UJ(J3 MAIN 95
CALL I2AVIUN t(UUAOxINULNvWjNdIbT.U4!,0.,ASCW) MAIN b
Go To eqi9,9Is),LCNvRfi MAIN 2!19
UO 14 II3L,9NINO MAIN ~oQ

1.3 ACu(1I)ItI)II'.fl*AOItli1) -AOBAOU(1I) MAIN l
C CALL AUFUlAdCoId) M4AIN d4

CALL OOL(INqkES(WT*AdC9NI T .Ib.) MAIN d63
IF IMuLD.Ej.LMWK-I) (20 To 1*10 M4AIN 24
NOK Y a '4ULU MAIN o
Go To 991 M4AIN 6

919 WHITE (6i9i(2 C1I1IiU'3,UO'I.dwUIW AS MAIN b
93 FOMMAT Cdeml UIHIAZAI IVN moUfINL HAS CHUSLN THE FOLLOINb PAMA MAIN 6

Xmt TER... A,40 THIS AAIMUM MAIN gogMAI
ijo ru 999 MAIN 91

via dIMt~ i6vaoJ M4AIN 2?1

d'. FQWMAI ( ZmI uOlTIMUM 14OOUi4t. P4Ab LA(.ULU MAA a 01; LT~kAIIO',, MAIN le7
bO TO 941# mAIN dis

c *................................ MAIN 9r
C PEHP%9.OM IWANAMObIIC 5TUUY MAIN Oasl

buO RAO(*,9'AWAMJ MAIN 6
.JJ1 a U MAIN 41
IF INI'AWA.NLt.0) (U TO 51V MAIN di
IMMA a IMOK - I MAIN 9
AHC(NftL9-4tL4#NELJ) 8 ANIOAmA ( ) MAIN d
IF lMPOA'4A.tM.U) Ad.ML9tdMtJ a AMOOANA(I) M4AIN got
W3 To 949 M4AIN ie

b10 J.jd a 0 MAIN d83
IF (ftLI.(o*U) M4PAWA a I MAIN is
JJI a J.JI * I M4AIN o
IF IjjI.wT.MP'AkA) wO U go V MAIN gob
IF (MttI A m4L. 03) MAIN ge

A AdC(M~l1,vMtLd#MELJ) a, APAbAIJJI M4AIN asS
bdu Jig~ a Ji I MAIN d#

IF WJ2J *GT. NV'ARA) (30 TO bu M4AIN 'd0o
AdC(,4EI9."4tLe*1Nt.LJ a ANIJAmA(.Jjd) M4AIN Z9
CALL OOLtIN*MEbTWTqAdCqNIT.Id.9I) MAIN a

c CALL AUfO(AVC9Id) MAIN d9
4URY 8 M4ULU M4AIN 99
Go TO 99I MAI1N b

YVT NOKY 0 NUAY.. MAIN i96
NNtI a FMAINE(NOKY) M4AIN 49
GO. To (q99qIQ0qdI0,jIOV.IUq,5dul NNN M4AIN v

9alb S Top MAIN ~ 999
EWMAIN 300
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2. SUBROUTINE LIST80

Calls: N/A

Called by: MAIN

Subroutine LIST80 is called by the executive routine MAIN to list data

input to the SOQ code. The LIST80 flow chart (Fig. 13) appears on page 45.

After control is passed to LIST80, header information is printed.

The input unit is read and a counter, KARD, is incremented for each

record read. The input data is reformatted and printed on the line

printer. When an end-of-file is received from the input unit, it is

backspaced K records and control is returned to MAIN.

Arguments

K Unit number on which input is read (usually 5).

Relevant Variables

C Card inputs read and printed as read.

SUBROUTINE LIST80 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SWOVUIINt LISTdU(K) (-UWRL
C TmIS AOUTINt wMTE MAMQ.LItT LNWUI MUIFULLY CUWR. lb

MENLO CUNNA 16

eO FUNMAI(//)Ai (kM'ldoeM*tANU LNPUIjq %4tji1)) CUMNL d0
OW|T ibe o) CU"NN le

40 F0wMArt/, CQNki 0

c Uk"I i33~tNCANtO.d) cue |

Do 4b J a 190b GUNIL
1 9AOM(95) C CUNNI d1

IF I(VFK).NL.VUQ)0U TO Lk CUMII is
b FORMSN IS044) cUkaI 49
wOM1610) L@.AAA CUNNL 4O

10 NWAft 10A.40A49LW) cum"I 41ANU a 4ARO * I CUNMI ja
es CUNr.ENuE CuNMI j3

MINTt(648,)0 CUNNI 4
011 t~ ( .i CURNI 3b
GO TU 30 CUNL .3

lb IdACK a RANO - I CONRI J7
Uu 4b I a 198ACK GOHRI is
6 5ACKSPACL A tli" 39

00 1TL 1o 40) CUNRI 410
ow I 7k (of i i UL 1 41

Jb 6JNMAT(IM1) CUNHI 44
.4tTupo UUN$4Yb! 27
LMi UUMMYS 46K -6



CALLED FROM MAIN
LIST 80(N)

PRINT CR1 9m2
HEADERS CRi 9~2

READ
UNIT N CORRi. 27

4LAST 
YES

NO

PRINT CARD CORRi. 30

BACKSPACE ORI37 9
INPUT UNIT CRi.7-3

RETURN

FO0 162893

Figure 13. Subroutine LIST80 flow chart,
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3. SUBROUTINE AEROW

Subroutine AEROW is used to apply a random phase variation to the

complex field. Figure 14 shows the subroutine AEROW flow chart.

AERO is entered with the complex field array real coefficients, CUR,

and with the number of points in x and y.

SIGIMAM is a constant established by previous aerowindow work. It is

later multiplied by the random number returned from the RANDU call to

give the proper random phase range for an aerowindow.

Inside the DO LOOP, the random phase is obtained and the sine and

cosine of the negative of this phase is taken. A negative number is re-

quired to yield a diverging phase impact.

The complex field, CU, is represented by a complex number, a + ib,

whereas the CUR variables represent the real coefficients alone.

CUR(l) = a

CU(l) CUa ib (11)

The random phase is applied by:

CU ,i (12)
r7 -b 1 b

(a + ib) (cos + isino) (13)

a cos -b sin - CUR (1)) CU() (14)

b cos 0+ a sin * CUR (2))

Argument List

CUR Complex field array

NPTS Number of x points

NPY Number of y points
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CALLED FROM GDL CU5 ,TS,NYP)
IX=7 1EO AEO.-1

AEROWINDOW CONSTANT I = 7AEROW.8--.10

TOTAL MESH POINTS JSIGMAM - 3V2
NOB= NPTS NPY{ DO 1 AEROW.11

1- I= 1, NOS

GENERATE RANDU AEROW.12
RANDOM IX, AY,
NUMBER YFL

PHASE CHANGE IX=IY AEROW13-1=14

P F*SIGMA

SIN P -SIN (-P) AEROW.15--.16

COS P = COS (-P)

12= 2.1 ] AEROW.17---.18
12M1 = 12 - 1

CUR (12M1) CURS COS P -CUR (12) SIN P AEROW
CUR (12) - CURS SIN P + CUR (IZ) COS P .19-e-.23

MODIFY
COMPLEX FIELD

1

RETURN)

Figure 14. Subroutine AEROW flow chart.
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Relevant Variables

CURS Odd number members of field CUR

P Phase change

S IGMALM Aerodynamic window constant = .!f2

YFL Random number generated by "RANDU"

SUBROUTINE AEROW 76/176 OPT=l FIN 4.6.452 04/27/79 12.23.47

SUdiuROWrf ALMON (CU.4.N. .N") ALMONU
*C AtouuYNAmIc iLooUw mUuEL M.,.4(J 3

C TP415 4~UUI#4 APPI.LIb A REANL0004 .MAbat WAMZAFION TU 1"t CUMOiLLA ALM4ON
C FIk.LU ALMN

p lmeNftlf CukIl) ALMON
JA. 8I ALMON a
SItGMAvAm U.4Qu * SQNI(L9.1 ALMONW 9
Nub~ * N010O~Y AtRI4W 10
O') I I S I hUd ALMN 11
CALL ,ANUU (LAL'tYYL) A.I400 I
1A IY ALMON 13
P aYFL 9 SWNIAM AtI4OW 1
SLNP a LN-IALMN Is
L.u~J a CU$1-0J ALMNi 16
1 d a 201 ALMON 1?
12"1 a 14 AMN 18
CUNS a cu(lz(1ml) ALMONW 19
CUW(LUML) a L.UR!2*CUbV' Cum(ld)'"IN. AINOW d

I CU.NCla) a CURS*S1INV Cu"4IL)*Cus?' ALMN al

ot ruMN ALMN 43
ENO ALMN 4do

4. SUBROUTINE RAINDU

Subroutine called by AEROW returns rectangularly distributed random

numbers in the range 0 to 1 in the variable YFL. Figure 15 shows the

RAINDU flow chart.

SUBROUTINE RANDU 76/176 OPT=l FIN 4.6.452 04/27/79 12.23.47

SudvuTLmEI KANUO (IA@LY*Y)-L) IANuu a
C WANOM NUMw~ i4'AA rUN 'ANOU 3
C tMZS P4UUTLt4E SUOP~LLr. tME POANUUM 140btM W AERUW 4NUEU6

LY % LAOU99 N'UU 1
IF (LY) p.5.0f MANUU 6

b LY aLY* 4144036401 - L PWANOV I
6 YFL ly WVANUU a

YFL a YFL/,dI~b?*dJ0*?. PANOu 9
WE rupim MAOOU LU

LN 4ANUU L1
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RANDU
OIX, IY, YFL)

IYIY

00

YFL =IY

YF L/2 147483647

RETURN

Figure 15. Subroutine RANDU flow chart.
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S. SUBROUTINE APRTR

Called by: MIRROR, GDL

Calls: N/A

a. Purpose -- Subroutine APRTR applies an aperture, either circular or

rectangular (Fig. 16), with or without a central obscuration, to the comolex

field. It also determines the value and position of maximum intensity on the

aperture plate. Figure 17 shows the APRTR flow chart.

RAP RTR

"1 (XPOSYPOS)* 0 I 0 6
I I

RMML -  Rpm

Figure 16. Subroutine APRTR nomenclature.

APRTR is entered with the inner and outer obscuration dimensions

along with the coordinates of the aperture.

A test is made to see if the aperture is rectangular or circular.

The appropriate boundary parameters are computed. Each point in the

complex field is checked to see if it will pass through the clear aper-

ture. If so, it is left alone. If not, it is zeroed out after it has

been checked to determine if it is the location of maximum intensity on

the aperture plate.
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APRFI, RECANGULR, CIRULA APRFI

APRFI. CET-AL ETRAL APRFIX
614me-93 RECTANGULAR LOPCIRCULAR 23~6

94m- OBSCU RATION OBSCU RATI ON

CLEAR APERTURE

INTENSITY 50-0-54

ZERO OUT APRFIX.
FIELD POINT 41;0-56

Figure 17. Subroutine APRTR flow chart.
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The transmission function is

t(x, ) IRDISK< (xxpos) + (y-ypos):<RARTR

, 0 otherwise

b. Relevant formalism

R P P ={\ I x I *l i L 2
RPP ((16)

~= ( I I ~ ~ 4 2 ( y t y)2 ( 7

R = lx- [y 4 d
= X / (17)

RPMI = (Ix4 . (lYl- -y (19)

These four locations represent an area surrounding the particular

point of interest as shown in Figure 16. For each of these sets of

points the locations of the aperture and obscuration are checked, If all

the four points impinge on an aperture or central obscuration, then the

intensity at that location is computed and checked for maximum value,

then the field is zeroed out (by the impingement).

2 2 (20)
Int = (ReCu) + (ImCu)

2

Max Int = AMAX (Int, Max Int) (21)

(22)
PER = 0

(23)

Cu = CU X PER
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If all four points lie within the clear aperture, the field is
unchanged.

PER = 1 (24)

CU = CU x PER
(25)

If the four points encompass an aperture edge, then the intensity

is prorated on a percentage basis and transmitted.

PER = (RAD-RMIN) / RMAX-RMIN) (26)

CU = CU x PER (27)

where

RMAX = MAX of (RPP, RNIM, RMP, RPM) (28)

RMIN = MIN of (RPP, RINMI, RMP, RPM) (29)

RAD = Radius (or x or v dimension) at aperture edge (30)

Argument List

RAPRTR Radius of circular aperture (cm) or x-dimension (half width)

of rectangular aperture (cm)

RDISK Radius of central obscuration of a circular aperture (cm); or

x-dimension (half width) of a rectangular central obscuration

XPOS x location of aperture center with respect to optic center-

line (cm)

YPOS y location of aperture center with respect to optic center-

line (cm)

YAPRTR y dimension (half height) of rectangular aperture (cm)

YDISK y dimension (half height) of a rectangular central obscura-

tion (cm).
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_77 7Il

Relevant Variables

A Half width of rectangular aperture (cm)

AINT Intensity (W/cm 
2

AINTMX Maximum intensity (W/cm)

B Half height of rectangular aperture (cm)

DX x distance between points in the mesh (cm)

DY y distance between points in the mesh (m

RA.D -g RAPRTR, aperture radius (cm)

X x location adjusted for centerline difference and

accumulated dx: (cm)

XAR (N) x or y position of N (cm)

Y y location adjusted for centerline difference and

accumulated dy (cm).

Commons Modified

/MELT/

Array modified CU(l) ? APRFIX.56,93.

SUBROUTINE APRTR 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

0S~d4.lUVNE iA'NTi IkN9N fUJVA*l AP.'IJ, YWb YA.'NTH, YUI P^) AIWF IA I
C AWL-NiUNE 14UULL. A000FI A
C THIS KUUILNL A..DLLF5 A CL'4t.ULA4 a0Em1uNL WITH RAU1U~a 0 ?WAW~M AfOP1A J

C ANU A CENTPWAL UdbCJMAIIUN airi NAIJIUb 8 9ULS1 CEN?-.PLt.U AdUUf A10WFIA 6

C Ab'uSI YIPUS. A094I A b
C u 4( *QLF~tJ 1*/di'e J- AUhAtj~J PIUN $tCrA,VbULAH A$OL04TUH AP00F I A
C OF *LuT" a 20 RAPOWT,4, rtII4gA 40 YAONNI ANU A CENTR4AL AVOW I A
C ~)OdbCUNArLum uF atuTrl a A* muijo. mtibmaT a do VoLsex A'PIA a
C CAW&U1LITY FUM I-INUINO VAALUk ANU OU PIION OFV IAA 1iv.N51VY of APUF IA 9
C. A.'OIWrU04C P~LATE AULUL a..1d/o AA. APKF IA to

LtVft 2@L4j 400WFIA 11
COUMolIfCULb,49CFILLb1J)AA~d)wLNe'r5NV,.uNA*uN, AP"FIA 12
CU1404Qh4dAY/VNt0V*Wt(*9WAFTW A10'I*LA 13
CUPWLLA CUoCPIL ApNFIA 16
ROA9Yl~YuUftH(A*AUio*d(d(YOYJOY*i A.'WFIA Is
auAANI12)-AAM4I AVNVFIA Lb
L)YUIA MOW I A IT
it '42 AIPWP1A AM

C A40010- I A 19

Awmxzo. A101WF IA d
IFIYAITer.NE*u..U.YoI5IA.Nt... WI Tu 180 APMV1A 22

C )10**00iNCLRALTM A.N"FIA 40
VWIT~t6*u00QN AAMN0LS QP

1P(RAooRrw*E.0,0)OI TO 16o MOW AI 9A 26
PI4ONAI 104 "A1WV I A ab

99 LUY 10i ILAzAItPr5 M'WFIA 26
A*AAN(IIA)#O1..AAVOS A104F1A a?
UX. 101 IlYSk.NVY 2814 A d
Y*AAN (JjV) UNY-Y'05$ AWO 1A d9
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C i AbWF IA jo
I~~101 INt0~.*~ A*PA - i

IF lW.UlC.NAOMTM) INTC2Ku1 AVMF I A 32
C) AOWFI7A J3

'4048HO (At Y ,-1 .- 1 AOMFLA 4b

WPM=WU(Aty, 1,-I) APMFLA 37
9pd31 I AOMF IA is
Wl*AAmAlNAAI (MVfNMNrnDI4I.') AbIOF IA J9
IF (14lAA*LE.NAU) GO to PI00 AVNPFI A 40

IMNSA1 N HNeMaNM AP'IF LA 4jj
IF CMMIN.GEOMAU) WO to lull MNFIA 4&j
PLM8(NAU,4MLN)j INMAA.W@I4 WouPl IA 40

14,0 IF 111N?.L(J.1 P0)4U1.-WERI A.'w71A 6b
NNN alMF IIA A 46*V~

C I APVVI A 47
IFtINICK.Eu.u) 0O To 101 AOMFZA 40
IrNlCgAS Al#WF IA 49
ALNT8aWEAL(Cu(Nt4NI)**i * AIMAw(CU(~*N11*0 £VOMF IA *0
A INTHIA4AAL, (AIN r *AINrNA I A##QVLIA 51
10 (Ahv?.N~toAINI"AI (W TU 401 Apef I A bit
A ILiTmA=A A8NF I A bi
YV L,,TMASY AU'MF A b4

c)Ab#WF IA bs
iu) CUINNN) 8 CU(NNNI * 0 T~N APMFLA be

too IF (IU%.jP.e.tN iA u) TU J) AU'WFIA V7
I "Al APMF I A So
04AU*04U It AMF I A 59
iu tu 44 AOMF IA 6U

C (I IftGIANbiULAOd A01t4M * **'** AWPNI1A 61
Idu C~mt I wut WJAPW d

ros.46vl w bwAo 3
"Qu!*YAP44 rod SWAOR 4

4L=2.iMULSK( bUAPW 5
l~u.*4UIi~bUAPR 6

sMIThS, LUULI M4UAWALdI SWAPWS I
10)l oo0;tWM*HI * CIPECULAN APEWIUWL APD~t.tu*//* JUTSLUE kAUIUb 30906*3 SQAPM a

Aq/4 IWibIOE HAUIUS 20*Gd*i// SUAI'M 9
loot) PUmMAl/* W(f..TANhULAN At.WlUWE AI'PLILL)//- UUTbI1UE UIMENbLUNS lauApw 10

AANk. 0,1,4.3. M1001l dY *,Otr a,'o OLUE*/* INSIUE UIMENblOftb AMC. to SQAPk 11
A 46.39t'IUM d1 *ti.9 OLUL

0
#' SWjAPW

IF(wApow.tu.o.0I q%) ru eav I4APM 13
A mMAII~rW Al'NF IA 5,3
d UYAI'WTM AOWFIA 64

199 UU 2011 ILXzl9,P1~S APMFIA Sb
MUAAW I ILAI oUNA-AO0S APWV1A fie
U0. 201 IIyalempy APMFIA 67
YzAAM (Ill)*tONV-Vl'U ANF I A 68

C)APi4F1A 69
IF IABSS(A).ubt4A WTN.UR.Ad65(Y).,h.IANTM) INICAmI A'I4FIA ?0

C) AI'WF IA 71
AP41M 8 AdS(A)-UA/9 AIAMFIA 18
A04AA 0 Adb)IOA/id M'1471IA 13
VP4N 8 AdSIY)-OYi'e 40fF I A r4
Y14AA 8 AdS(Y)*0OY APMFIA lb
Kozo g. AP4WF I A 76
IF (AM4If4GE.A.ON.YP4IN.GE.d) W TO 200l AlFMFIA IT
I'Esi I. A#FI A ?a
IF (ANlAAL*A*ANU.YfMAA.LL.aI (20 lu 900 APM71A 79
IF (AMAA.GE.AI VEMU(A-AM4IN)/UA A44N71A do
IF (YMAA.GE.dI 4'hR a OE * (d1t4IN)i/UY A04NFI A 41

4200 IF IILN*t.Q.1I Pt.4111.4414 APMFIX did
Nmm a tIA#(LIjy-1If4Or5 AMFIA 63

C i AI.NFLA 04
ZIlINICA.lEu.O) 1O To got Al#444I A al9
INTCAmU AVI4F1I A 6d
ALN?0wCAL(CulNNNI)0*2 * AlmAI,(CUINNN1)IO0 AOMF4LA 67
A1N4TPAA4AAI IAIft4r.AiNTMXJ Alaw4FIA so
IF (AINT9NE.ALNTME)l GO tO elll Al#MFI A 69
A INT04AUA A44MF IA O50
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AIOWF IA 9t
C)AI'NFIA 92

au1 CU(NNIwi a CU(NNN) Qt~rIIw) A00F I A 93
46U IF (xOSA.Q.0..UW.IINAQ*L.) 4aUT rjou AIPNVIA 400

I I'dUL AVI4FIA lb
A a I4UISIA AINF I A 90
d a ?UISIA AI14F IA 9l?

i tU I'4V A61WF IA 96
C I A0WFIA 19

.JqQ FAO;*L. A01411IA 100

A IN TPAUAIN MA 0) A$OWFA L01

wwITE I6*Jlu) AtNrFtA@AINT'A.YVIN1FA AOWFIA 10i
J10 FU~tIArI* r'. 14AA LoifN~Iry UN AbatrUxt WoLAIE 15 IMAA8 *9421j.!/ A*'MFIA 104

I* AN)) It LUCAIEU A[ As 99I*** Ya O#Flj.j AI'SFLA Los
491UNN A0141-A L06

C 3) AI~kF IA £01
ENO ANIF I A Los

6. SUBROUTINE BLUMIT

a. Purpose -- In the interstage duct, phase perturbation can be

induced in the beam due to transient thermal blooming. This effect is

suppressed by a sonic purge flow using the transverse thermal blooming

routine. The BLUMIT routine models this residual sonic purge flow thermal

blooming in the interstage duct. Figure 18 shows the subroutine BLIJMIT

organization.

ESTABLISH BUI.1 ~BUI.2
PHYSICAL LMT13---BUT.2

PARAMETERS

DETERMINE
FREE CONVECTIVE __

VELOCITY BLUMIT. 24 BLUMIT. 28
(NOTE RHO BECOMES

THE VELOCITY)

CALCULATE THE
TRANSMISSION FUNCTION

t ~L,'2 BLUMIT 29-ON BLUMIT 39

WITH .,RETURNED

IIN WAVELENGTHS

Figure 18. Subroutine BLUMIT organization.
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b. Formalism -- As the beam propagates through the sonic purge flow,

it is continuously distorted by that flow. Under the assumption that this

distortion has a perturbative effect on the beam, the integrated effect of

any thermal blooming can be approximated by a finite number of discrete

steps in the following manner:

Assume each step is of length DL. The distortion is applied by

propagating a length DL/2 to the center of the cell, then applying the

thermal blooming transmission function. The beam is then propagated

through the remaining DL/2 to the edge of the cell. The nonlinear

blooming transmission function t(x,y,AL,I(x,y)) is

t (x,y,AL,I(x,y)) = E-ctL/2 EiA (31)

where, a is the absorptivity of the medium. , b is written

21T n AL
- 2 dn d:' 6T (x,y,z') (32)
A dT f

This can be rewritten using the equation of state for an ideal gas

(P = RTo/Mi and the Gladstone-Dale relationship. Assuming constant pressure,

the expression of li becomes

21( OCGD ) d-' 6T (x,y,:') (33)

where 6T represents the temperature variation in the flow due to heating by

the beam. For transverse blooming, 6T can be written

x
ST = 3c - I dx' I (x',y,z) (34)

In the above expression, the flow is assumed to be from the negative X direc-

tion with speed vT"
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This effect is activated in subroutine CAVITY by setting NGTYPE-2. The

duct is then treated as if it were another cavity, the gain/phase transmis-

sion function being that of transverse thermal blooming. It is updated by

subroutine REGAIN.

Since the only mathematical difference between transverse and free con-

vective is in the velocity, this routine can also handle free convection

blooming with

2aP(z)g 1/3

Sfc ( CpT )(3

c. Fortran

Argument list

P = Intensity array. It returns as the phase change in wavelengths due

to blooming.

G - Gain array. Intensity loss due to blooming.

NCV = Cavity number

WL = Wavelength

Conmons modified - None

Subroutines called - None

The subroutine BLUMIT computer printout follows.

SUBROUTINE BLUMIT 76/176 OPT=I FIN 4.6+4S2 04/27/79 12.23.47

SufNHWo NE 4 uMjrtp,(..CvuL, OLUM1T d
C fE~trAE OUCt INtNMAL dLUMING PUUU SLUMLI

C T'MIS NUVI1~t CALCUL~rts fP4 L.UMOLtA IWANSI4ISSLU FUN4CTIOUtu TNE dLU141 1
C ALL . M L(bSrAb6 QUCT 45 A IPuNGfION uP INE 0OWL4 ULSI1Eb WLTNiN SLUMIt S
C fpqt oUCT OLUM1T 6
C rN OOL IS POLLINAT CVSLU1LT I

CJM$40M/CAVZ/ACIb)*Y(.I)*Zt b)P ANA| )itNY(! |oNSif~t AMC(')9TtC bJ9 o +VMLT 9

A~L~u 2 raCAVINCV) ISgLU"I IJ

ALFA a TVlN(Cv) WUMIt 14

a tJ* r Ca ,V) , ISLUM!1 15

OLL rnvsravLUMI T I
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NAA U NX(NCVI ULuMir 19
NY&D a NY(NCV)i'(N*YM.LI kLUM It do
MUrONAAONYA LUMI T di
UELA a ACIP4CV)/NAA dLUMIT 92
fFo mU.%(ir.) tuU ru io dLUMIT Odi

SUM x . b4 UM0 .2
D 12 LsL.mUr dLUM11 ab

Id SUM a 5U9441'tl) LUNIT 46
SUM a $UM0kLA0YC(NCV)/NYINCV) WLUnIr oi
RNU *89U.6bb*SUN*ALFA/(WMUC*T))O*(L./J.) dLUMNr da

10i CAP' a *dJ0ALFi90LCZ4UELA/(b'*I*MMU) t.UNZt 29
CAP2 8 EAI (-ALFA *UZLd.) kLUM"L 10
18 X #I WLuNL r 31
IFPAN4L.UC.90.) 18-1 tLUMi t J
UU 20 JaLNYA tPLUMIT J3
SUM a Q. dLUMIT 34
00 2U 18191AA LUNL1T 35
IA a I1*NXAI*(1-1b)/Z0a. * (J-I)*NAA kUMIt J6

SUM aSUM*4. ~(A) dLUMIT r j
PtIA) X SUM*CAP OLUMIT 38

4dQ GtL1I.J-110NAAb a CAb'i WLUNIT1 39
RIEVUHN LUMLT 60
LNU dLUNIT 4L

7. SUBROUTINE CAVITY

a. Purpose -- The CAVITY routine models the interaction of a GDL

cavity and the complex optical field. As the simulated field is propagated

through the cavity, it interacts with the flowing medium. As a result, both

the intensity and phase of the beam are modified through the CAVITY routine.

Figure 19 shows the subroutine CAVITY organization.

b. Formalism -- As the beam is propagated through the cavity, its

intensity and phase are continuously updated. The beam's amplitude and phase

are amplified and redirected by the medium-induced gain and phase change.

This medium-beam interaction results in an integrated effect. It is assumed

in CAVITY that the total effect can be approximated by a finite sum of N

terms in the following manner: The total cavity length Z is divided into N

steps, each Z/N = AL in length. In each segment, the interaction of the

field with the medium is approximated by vacuum propagation through half of

the segment, ( L/2), followed by the application of a field dependent trans-

mission function of the form

t(x,y,I), .L g(x,YI)/ + i 2" (An(x,yI) (36)
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CAVITY. I03-

INITIALIZE 
ARRAYS

AND PARAMETERS CAVITY. 257

PROPAGATE TO CAVITY. 258
FIRST GAIN/PHASE CAVITY. 275

SEGMENT

FIND INTENSITY CAVITY. 276
INCIDENT ON THE CAVITY. 312

G/P SEGMENT

G/P LOOP APPLY THE CAVITY. 313--
TRANSMISSION CAVITY 320

FUNCTION

FIND AND STORE CAVITY 321
TOTAL INTENSITY ON

SEGMENT FOR REGAIN
CALCULATION

PROPAGATE TO NEXT CAVITY. 348----n
G/P SEGMENT OR OUT CAVITY. 360

OF CAVITY

Figure 19. Subroutine CAVITY organization.
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The gain coefficient g and refractive index An are calculated in other sub-

routines using an appropriate choice of kinetic modeling. The beam is then

vacuum propagated through the remaining AL/2. This procedure is repeated

until the beam reaches the end of the cavity.

c. Fortran

Argument List

NCAV = Cavity identity number (1, 2, 3, ... N)

ILR = identifies the direction of propagation through the cavity:

-1 => right to left

+1 => left to right

NEWCAV = A parameter that identifies whether the cavity has been entered

before.

INIT = .True. if it is the first interaction of a given run

= .False. if it is the second or subsequent interaction.

NSTE = Controlling parameter for subroutine STEP. If the geometric

beam is converging or diverging, variable area mesh propaga-

tion (VAMP) should be used.

NSTE = 1 Constant mesh with setup

= 2 VAMiP with setup (exit at end)

= 3 VAMP (setup and remain in VAMP)

= 4 VAMP (uses existing setup and exits)

= 5 VAMP (uses existing setup and does not exit)

IN - Input data set number or file from which data is to be read

RESTRT = .True. if initial beam is read in from unit IB

= .False. if analytical initial field is desired

NPLT x Controls plotting within cavity:

- 0 No plot

= 1 Print field before and after gain and gain coefficient

ZLI = Incoming propagation distance to cavity endwall

(Additional vacuum propagation distance)

ZLO = Exit propagation distance to cavity endwall

(Additional vacuum propagation distance)

Note: None of the parameters in the argument list is redefined by

subroutine CAVITY.
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Common variables altered:

US - the intensity array

PPD - interpolated power density

CDLI - interpolated gain/phase transmission element

XCAV - cavity coordinate array

GFACT - define by namelist CAVTY2

CFIL - redefined by its equivalence with Power Density array

CU - the complex field - modified by propagation and the application

of the cavity transmission function

CG - defined for the first pass, read in for subsequent passes (Cavity

K gain/phase (G/P) array at each station within the cavity)

Namelist/CAVT 2

CAVTY2 is used to initialize the cavity physical properties. The name-

list is as follows:

!4AMEL TCT CAVTYP /XLEN. YLtN.ZLttj, XMCMV, YMCAV .'J4 .ANfLOV ,-4G5Ei.
A FL4(i.-iOFST, NuTYPF. Nu~dUor, 1usL. IPU%7N.TiT?,T4.TIJ.,.TS3.Pc,.v.

AV AJTN. ':j;AC~a
L
k; XLE1N TS LEN,'4TH OF CAOITY 1;, FL~w 01,4tCTION
C Y1. rN T'% L E " #1F CAV 17Y A C 40';S 14U Z IL.S
C ILEN Tb LENLTH OF CAVITY IN. OPTICAL uI0FCTTON
C. KCA V I~ THF .(-'IST OF OPTICAL AAjS Qom IY07ZLF tX17 PLA',i

Y MCAV 1 TmF Y-01ST OP OPTICAL AXI ) TO CAVITY AXIS
\101) A IS NUMR~-4 OF GRIL) PUI.,4S ALONG, ALFN

7 N013yIS Nu"HEA OF 5k.U ~'jj,4S ALONG Yt Fji
C NOSEG IS N~44F*W OF SEcj.'1F NTS, MAXIMUM OF S, PFD CAvTTY

C FLA6 TS PAWAl*.TER fHIrcm cflNTWLS SELtCTIJN OF r)F,sIrv 9FI LJ
C 2 1. Sd-19CUNTOuIMEO 'ifOEWALL
C = p. SO-l, FjLAT SIDEoVALL
LC .3. ALL U67NI'sTY
L. = '4. '40U-#' ALS-1
r = c;. 1,*wtr FQOM CAPDb UN DATA SET. ..IN..
C a A%. SAME qI'LrNE COQEFF THAr ogwt REAn iN FIVF
C 38. POUN 112 Al TIt.b SEC RIItiHT STAGE 9MOTH WALLS
C :8.1 PEA() NA'4FLrST UL.NSd POPR WH~T aTAGE
C Z9. PLIN IO)Q AT r ~ SEC LE~-T STA~jE ROTH4 WALL 3
C 29.1 PEAO NAMFLIST UEN4S' FOR LEFT '3TAGF
C =10. CPEAf) UENSIT FIELD FROm U,4IT joJ
C 211. ,0EAO DENSITY FIELD Fk0~4 UNIT 31
C ~4PEST IS A LAG FOR CUMPUITING A RES1kATF0 GAIN...IF
C 2 1, REWc OFF TH4E oIG C, RUT USE NL4w DENSTY FIELL)
C = A Tb4FN TAAE THE CO-EFF AS THEY NOW EXIST
C
C NriTYPE a 2...TEemAL HLOO'4ING FOP MIUL71-BEAM
C= i...FULL ALOWN KINETIC,.b...C91L
c a 0 SI'4PLF CLuSEU F0OPM E.A.b . GOL KINFTICS
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C 14GPLOT = 0 NO PLOTS UF GAIN INSIOE THET CAVITY
C = 1I PLOT A SLICE THO'JUH THE CAVITY
c a ? ISO-AMPLITUDE OF GAIN 1S PLOTTFD
C = 3 GET boTmi PLOTS
C =-I GET ALL PUSSI Lr' PLOTS

C I POEN = () ,4 RLOT JF PO-E- tNSIrY AT EACH SLICE
C 21 SLICE PLOT OF PwQ UE4
C = 2 IS,)- IlTE'45ITY OLOT F'3W CAVITY
C = 3 ALL FOR THE MONEY
C IIJSE = -1 NO FUSE NO PLOTS No ,qurMiN
C a I NO F~lbE ANAYLSIS, sur DENISTY GOULY PILOTS (AERO)
C zI Fdsb ANAYLbLS ... NO PLOIS
C = 2 FUHS IS USED (WHYME?) AS 15 ISO-PLOTS
C z i F'UHS9 ISO-PLOT5 OF FUHS AND PESULTANT FUSE AND AERO
C TITLE IS Tr4F TILE TU APPEAW ON rHE CAVITY GOULIES & GOULESESS
c
c TI 11; vIFPATIONAL TEMPEqruRE OF QUV AT NF~ DEG K
C r2 IS VI'INATIONAL TE4PERluo4E OF UVO AT NF$", DEG K
C T3 IS VIHWATIONAL TEMPE~RTOE OF VUO AT NFP* DEG K
C rN2 IS VIHRATTONAL TE.MPFP4TUkE OF 41TROAEN AT NE09 DEG l<
C TS IS STATIC rFMPFPTuWE IN CAVITY Af fUEP* DFG K
C PS IS qTATTC PESSL'~. IN LAVIrY AT NiEP. ATM.

L 15 PLOW VFLICITY IN CAVITY AT NEOJ9 CM/SLC
c 04RNCH IA P-AWAANCH TRAN'SITI~oi
C AN2 IS MOLE FPAC71ON o 41rROGLN4

C CO2 IS MOLE FRICTIUN UP CAr48i, UIOXIOF
C XH20) IS MOLF FRACT!ON OF WTER
c. XC3 15 'OLE FPACTION OF CA04RON MONUArnE
C X02? 1S MOL FRACTION OF UXYGEA
C 4,@4@@**~bh TH;MAL 8L3UMI".i MUTI-REAM CAVITY
C ALFA IS rHF mEnIfiM AbSORd CO-LFF IN CM-i
C ACP TS T"E MFUTUm SPECIFIC H4EAT IN j/P.m-DE, K
C T TVP TS T -i MCDIUM TEMPER.ATURE IN DEU K
C VELTY IS TH-E VELOCITY OF MLOIJM... IF .LT. 1. THFN THE FwEL
C CONVFCTION VFLOCOTY IS CALCULATED AND USED
C ANGL Iq THE ANGLE OF FLO4 rELATIVE TO N.E.P. 0. IS LIKE CAVITY
c (IF. AWiAY FROM N.E.P.) AND 180. IS THE OTHER UIRECTTON

C

C AVGArN 15 -HE AVFWAGE UF GAIN CU-EFFIECFNTS ... HOOWE FAST COdVEQGF
C
C

SUBROUITINE CAVITY 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SUdRWUOTINE CAIYt'CV*~v~WA9N qSFqNW~w~~,T CAVITY 4
A ZLI I LIJ) CAVITY .5

C UOL CAVIrY MUI)LL (.AVLTY 1*
C rP4L'3 WUkiltlNe AW$OLLES 1"E tltttA '. A IJ&OL CAVITY TU TMiE LUMPLk.A CAVITY 1
C PIELLJ LAVIfY

LEvIJ 29 CU.AC#ALAV*WUU90u~kw,4hi.UJ I.AVIrY
LhVEL 29PU ulo 4
CuMMN /CUS/ Uh(I7IUO) Cum.~1 *3
CUMM-W,4 /CA#1009At.AVoCJUP LUNM 44
CUMMNMKOIUIALUN,A'4,A*14 iAb .AVLTY 9

CVMMU4/AY/wi~.Na,,NqpAop rot CAVITY 10
CUMMUNd'CAVa/ CAVITY 11

64



a Nury*9(I,. waau t s LIub0 ,I 0 942,j. CAVITY I'd
3 CAVITY li
'. VE()sA()AAHtl9T 2 riw.tibI Y25 S I CAVITY Lje
I 0SCAV (~It iai(b) 9F~i () 01g(4, F~d0 b)CO1 U 1FU d 1500 1TLE IJI, CAVITY l
bAVG (to 1 NSVM CAVITY 16
COfONMtLt/CU (I 6J61 CF L~dL (104) AI 4d) tl~ T SNY ON At UY CAVITY 17
CUM140N /LCji Cu(IIAUO) CluOOLNS 1
oIY4EmbZON T1ASstid9) 9 routeou) 9 Putin~uol 9 Ptou(lliol * C1UOLNS a

A POOtd) # ACAVCAQI)) 9 CUNtjdfbd? ClO0CNS S
C4JNPLLA 4O.CF1LtC1U.CAAAYvCuu#M CAVITY 90
k.WICAL !NIT,4L5TN1 CAVITY it
EQJUIVALENCE fCUN(1)9CU(I)) CAVITY az
EQUIVALENCt IIPO(I)9CU(Ii) , 1CFILMP0(1fl CIUE)NS fb
UATA 66FACTW / 1. / CLiUPL 10
DATA ALLN.?LIEN.LLI4,AMCAV.YMC.AV.N0OUA.N4UV.NS( CAVITY is

A FLAGvMLST, NGTYP.E9 NOOVUt. IUStv WOUEN.tI9TdTJ9TNd*TS*PS.vY CAVITY d6
A OtiaCNAi4,AC;UidA UACU.AUdAlFA9AC'.Vk.CY. TTEIMIDAN4it.AVtiAAN CAVITY i r
A /'.,*,O.,*.L4,V./CAVITY do

N.APEI..IT/ CAVTYi /ALLN.oYLS%*LEr.A4CAVYCAVNAoNUYNUIi. CAVITY d9
A FLAtioNOWL5T9 NOMPE9~ NOOLUrt LUSE# I0O'ENvT1T2@T3v.TS*DS9V* LAVITY it
A PtWAC,4.AodACUZAMdO,AC,*AVdITLtA1.AAC'.VETYtt1%IotAG~ CAVItY ji
AAVGAIN. O.iACTM LMOPI LA 1

c ALEN IS LENG(M OF CAVITY IN 1.LU UI~4tCTIQN CAVITY is

C fLtN IS LEN61m OF CAVITY IN OTICA NOZLETO CAVITY Si
C ZLr.N 15 LENtIIm OF CAVITY AL,05 NUSTICLS CIETOAVITY S?
C AMCAv ISp Tmt X-OIST OF W6JfICAL AALS FRO~M NUZZLE ELIT PLANE CAVITY 38
C YMCAV 15 THE Y-UIST OFUP O1iCAt- AALS TJ CAVITY AAIS CAVITY J9
C NOVA IS NUMdEk OF iNIU WL~ONr! ALUNs, ALE',4 CAVITY 4U
C NUUY 41 NUNdE4 0U. tklU ?UINTS3 ALUNII YLLN CAWVIry %I
c NOS~t2 II N,JN~C, OF IEGMCNI: t MAALVf QF 2 OPEN CAVITY CAVITY fba
C FLAG 15 WAAAMtTt.M oklICN t.JvT'ULS iiLECTIUN OF UEN!WYT F IELU CAVITY '63

c a 1. Sm-IoCUNrUuNEO o&ULOALL CAVITY 164
C a d. tpk-l. FLAI SLUtaALL CAVITY 05
C a J. ALI. UL-4SLTY CAVITY 4bo
C a ~.MUO- ALS-1 CAVITY 4?

C a D% i1.UT FROM CANUb UNv JA IA ::tT ... IN... CAVITY Abe
L a b. AME 10LINt CU-11 ["Ai otx RAU IN 1.IVE CAVITY 49
C ad. Rum Ili! Al tai.0 zti RIGHT SrAk2E dUTM 4 ALLS !20U7TCYI 3
C ad.1 WEAu %AM4ELI$I UtN~d PUX, 41jri zTA'jt. SuU7tcyI 4
C 24. RUN IV9 Al laj*d ttt itFT Tit)E dIJTM WALLb soli7TCY1 S
L. 29.L RKAO iAmEL.It:T UENISV FUN LLFr ST.)A SU?7CYI 6
C alu. hAO .ENSnIIY FIELO 1.HU. UNIT .30 SaJ?TCYl 7

C all. '4LAU ALITLY 1.iELU PHUM UNILT s& bu7lCY1 d
c 4WEST Li a PLAG O.UR CUMOVILNti A gtziols&tU 6AIN... IF CAVITY I0

Ca I WtAU OFF lImt 814., oju Ub. NcLW i)ENSfY FILL0 CAVITY ~I
c a j tmo TAKE tNt Cu-tPP1 AS T"LY NUO E.AlI CAVItY Ii
C CAVITY 33
C fl aYW z...tME AL HLUUMIN(s POW MULII-dE.AM LAVI1Y 134
C a I...FULL 8LOQwN %AI.EILCS...IjUL CAVITY 5b
C a 0 SIMOLE. CLOSLI) FORM L.A.b. WL AINEFICS CAVITY !j6
C CAVITY '3?
C NP4PLUr t 0 No I&LUTS Ut IJAIN INSL THL CAVITY CAVITY be
C. a I OLUt A SLICE fnoUUkvM Iqt CAVITY CAVITY !29
C 0 2 ISU414AMLIWOUP U1 AIN Izi POLUITL CAVITY 00
C a 3 OIE. dorm wLOTSI CAVITY 61
C 2-L tsT ALL ouS3SIdLE PoLurs CAVITY 62
C CAVITY 63
C IWOEN~ a U 140 PLOT UF OWe. UE.NbIty AT LACM. SLICE CAVITY beb
C 2 1 '3LC W.LUr UF 1.W0 011.4 CAV ITY bb
C a ISO- INIE.NSITY WLOT FUW CAVIIY CAVITY 66
C * 3 ALL 1.0W rm. HNN. CAVITY 61
C I0WA 9 -1 'VO FUSE. NO4 PLOTS NO N*UrNiv CAVITY be

C a 0 NO4 FUSE ANAYLbLS, dur ULNISTY bOULY PLOTS (ALMO) CAVIry 69
C a I PUNS ANAYLbSS... NO IOLVIt CAVITY ?fU
C a d P.UNS Ib OSEU 10irtyME.?) iS II IbU-PLOTS CAVITY TI
C a J 1.UNS, IbSOLUTb UP. PUNS ANU Wt.SULTANt FUS. £1.4 AEAU CAVITY 12
C tTLE. Ib THE lILt. To AbOtAm ON THE CAVITY UUULIES 6 GOULESE.5S CAVITY 13
C CAVITY ?
C; TI IS V~dRArIONAL TEP0ENIuE. UP VOV At Ntpq Uto~ K CAVITY is
C Ti IS VIONAIONAL TEmptoruwE OF OYVU AT NEP't OE.G K CAVITY ?6
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c F lb VIWHATIONAL TCMENIuML UP VOU AT NIp. ut.G A CAVITY 7

C Tmid L5 V~d.AAr1UfAL tEmtmoNvolt OF MIT.UvjEN AT NE09 UL uA CAVITY to
C TSIj 1 w~ rIAIIC tImr~umet IN LAVIIY At NE009 Ok.G R CAVITY 79

C, os Is STATIC PRESSURE IN CAVITY AT MNos AT0M. CAVITY do

C V 15 FCUW VEL.UCIrY IN CAVITY At r~P CmISEC CAVITY di

C 094WCM Ii P-sRAKC, tNfAMSITIUft CAVITY 82

C AN2 IS MOLE FkACTIUv4 OF NiI"UbEr4 CAVITY 63

C ACU9 IS ROLE FNACTIUw OF CAHOON UIOALUt CAVITY Met

C A9IgO 15 14OLE FWACTION (iF w*ttyd CAVITY as
C ACU 15 ROLE FOIACTIUN OF (AMOUN MUNUAIII CAVITY 00

C AUd lbj MOLE FRACtUON OF UAY~ftN CAVITY d?
C *.....'** TtMKAL dLUINA r4UfIWCEAM CAVITY .*.*.. CAVITY 86

C ALF& i TrIL MEUIUM AdSOmeU CU-tFF IN C.4-I CAVITY 09
C ACP IS I?*. MEOILIM S~tCIFIC ntAT IN ../GN-OtG A CAVITY 90

C TTERP IS IM'i ME(QUM tEMPIEAIUML IN UEW A CAVITY 9I

C vEL1Y IS rME VELOCITY OF ftUIU0M... IF .LT* It TMCNt Tft. FME CAVITY 92

C CU#4VECTIONt VELOCUTY l5 I-ALLULATLO Am4 UbL) CAVITY 93

C AI4(II IS T~t ANGLt OF FLOW Mt.LAIVE 1U N.E.P. 0. lb LIAL CAVITY CAVITY 94
C (Itk AWAY FAU0M t. ^'. NU 160. 1 Tnt OTHER 0UILtCTIUN CAVITY V
C *@e.e.~*o*eoOooe*****~*.*.****.* CAVITY VO

C CAVITY 97

C AV42AIN IS Tit AVLOAt Of 4AIM CU-tFFIECE-vTs ... Pf FAbT CUNVEm"~ CAVITY 98

C CAVITY 99

C CAVITY 100

C CAVITY 101
C *** f LTU Iu EE IF .IttL' IN TMLI~ CAVITY otj0Vt CAVITY 102

IFi.N4u.INIT.UN.MtwCAV.EUj.v) 44J ru 13U CAVITY 10i

01I a s.I1I9.d CAVIVY 104

.14$Y" a 0 CAVItY 105

IF (1v0Y. m.NptSi N~bYr~x CAVITY 106
N.%%YM,4!3pI'4 LU~mI 46
NUtju ,J1T'3*r.aY CAvITY lot
MOLc.SI A 0 CAVITY loss

,MA (-40913) ~rL AVITY 1119
.EL UNAr (d&* CAVCAY III

wmAOiri.c.1u) Tk CAVITY 1IZ

gooi FUmq4AT (4V0 CAVITY Ili

A JVNU CAVLitY JWOUtkATLS 0/CAVITY 114b
A JVMU )** * ** * * . CAVITY 11s

w#4LrI.tii tLTLLPALt.YttliNLL4NNUA.N4UUY.NUSkUi LAVItY 110
100 FJlMArI2IMU0CAVITY (bIUMFETNY PUM 9,d0A4dIA*1"ALtN X s.GId-t19 A9?NYLLN CAVOtY 117

As 94U2.34A#1ZLEN a vGl2.*#4A96f%4OUA 2.I694A9?HNUY A 91594A9 CAVITY 116

A8M..iU3t0~ a 91,d) CAVITY 119
wNITt(6910II XMCAV9TMCAV CAVITY Id 0

jUl ,
1
UNmArI2SOLUCA1IUN UF UtRIICAL AAIS,,'IA.GNA1MCAV S v4I2.b9,%A# CAVITY 14aI

A 8IIYMCAV 2 .012.b) CAVITY U4Z

IF (N0TfYf'E.k.2) 60 To) lob CAVITY Id!3
w,4ITEteme) rsTbbv0'6NwcN CAVITY 144

102 FUNMArTIGNCAVI11 CON0ITIUIVS..'AASnI a 9.612.b94X9S#'S a vQ~.i CAVITY LIdb
A&Aol1NvELOCIrY a *u25C.e'I6AC FJ.0) CAVITY 146

mKITt.0103) ANd#ACU2oAN~dJ.ACUAUZ CAVITY l

103 I-JwmATIUM"Q0UMO6I0SIIN/A.OAN2 a 9412*594X1HACU2 0 *GUd.S9*A* CAVITY 120
XAmANO a #*I,2*S*4AA.OACO 8 947I2*b*4A.tAUZ a *G12.b) CAVITY 129

C LUAO CAVITY IAHAftTtMS INTO AiOPHU10NIATL 13FiMAGE ARRAYS CAVITY ISO
TVLIIICAVMr4I CAVITY 151
TV2 INCAVNiv Td CAVITY 1id
TV~J IICAVI44 a rj CAVITY 1J3

TVN2 iNCAVNI a rN CAVITY 13*

TSCAV INCAVNP TS CAVITY 155
wNITt.bI0,14) TNZTLT2tTJ CAVITY IJ6

104 FUp4MAfIZ5NOV16MATIUr4AL Tt.M6 IAruwt.S,,'A,bMTN2 v GI2*S**AvSN11 9 CAVITY 13?
AId.,4At5MT9 a 94uI4.594Aqbrj a toli.tpi CAVITY 138

tu To 101 CAVITY 159
106 MHNs r a e CAVITY 140

TV I (NCAVNI mALFA CAVITY 141
TVg (m'CAVI'uI WACO CAVITY 142

TVJ(NCAVND aVkLTY CAVITY 143
TVN2 I.VCAVNI a rTEM4P CAVITY 144b
T5CAv INCAV'uANbL CAVITY 145
WNItEIS.LAJ) AL?;A9ACPvVtLIYtEM~',ANbL LAVItY 140
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193 FORwMAT UI/67" f~tRMAL dLuUt*!.U0 ANAYL51!b OF MuLt1.dtAM ti~t~. CAVITY lot
xombrAmrs Awe Zgj 11. ALFA GO &#F.*l FLOW VaLOCITY x CAVITY 148
xql'd*4, 414rtP *FSe.49 LOH1 AN4jLE a 9FO.4 1.4 L AVITy 14.9

JUT YCl(4CA~t) 8 YLLN CAVITY lbo
AC(NCAVNI z ALLN CAVITY 1bL
ZC(NCAVrNI a LeN CAv I Y I %i
AVU4NCAV41 aAvfjJ&IN CAVITY 153
XML. (14CAVNI RAMCAV CAVITY 154i
Y14C (NICA0I41 SVMCAV CAVITY ISO
NX(NCAV1,1) 2 NOIJA CAVITY 156
NY(1CAV'41 a 1100 CAVITY Is?
N~ig.iCAVAI? a NV43F CAVITY is0
t3FACT (NCAVNIZ=GfACTW LMUPI 1a
O)CZ a ZCiNCAVNlN$1INCAVNJ CAVITY I t9
UCA a ACtNCAVW1/rA(,1CAVft1 CAVITY 169

UCY a YC(NCAVN)/N4YINCAVft) CAVITY 161
NbAaiVS (MCAWN) CAV I y 162
NY AUNT (NCAVN) / kNSY00 1) CAVITY 163
WAA NA (4CAVN) CAVITY 164
P4QJ:14A A NYA CAVITY 165
t40TY009 4-CAVN) aftfa FY~t LAVITY 166
NOhLOW 4 rI.A VN I 814(ifLU T CAVITy Le?

Iu!29('4CAVN a Lust CAVITY led
1WUEvfNCAVN)mlUL.N AwITY 109
PSCAV (mCAVN) mP5 CAVITY ITO
VFL. NCAV"?&V CAVITY III
FISINCAYNIOPUbNCH CAVITY Ila
CAIAAY a C11LA(U.2.&WI/WL) CAVITY 173
TU'IWL a 2. * PI / WI. bowi1CYL 9
FN4(LNCAVS'hI AN2 CAVITY I114
FCO2(m.CAWrl) ACO4 LAVITY 17s
FmdtJ (r4CAvN) sAN9(J CAVITY 1fb
FCV(NCAVN) UACO CAVITY 11?
F~d INCAVN) UAU2! CAVITY ITS
IdAS9 a I0.(NCAVNy-L)I CAVITY 119
IF (NGTy~t.LU.Z) bil TO I Od CAVI7Y Igo

C CALCULATE SMALL SIGNAL GAim Ab A 1.ume.Crcit. OIF i CAVITY 161
CALL GAIftXY( O9US*,4CAVN91) CAVITY 16a
WHITE f?) (Cu(1Ll.1S1NUM) CAVITY 103
NWE0Nu I CAVITY 164
WMfU8XNOS% NCAVNI CAVITY Ids

C CALCULAT. CAVITY DENSITY FIELj) AS A FUNCTION OF A ANO Y CAVITY 106
CALL O~rN5Y(FLAGI4NUALLN91LENUCLNAAN4YA.1,1NNNSYMI COWRI 4?

C stuic oE,4sirY FIELDO N O1NtCT ACCESb FILt CAVITY Ids
oiW~t(dAt) WP0IZ*IZLtM1)CAVITY 109

w101110 IdASE CAVity 190
C CAVITY 191
C IF WESTARTING ROM A PWLVIUUb wuN. rt,.N SIP THlE INITIAL CAVITY 192
C GV~bS AT GAIN CAVITY 193
C CAVITY 194

too IF i EEsIIT .Aru. w4NCv mte. 1? Go TO 49 CAVITY 195
DO 10 NN5UL.N5A CAVITY 190
ACLON-OCA/2 * CAVITY 197
lUAuE 2 I"A5161 CAVITY 196
If IMWEST oxfo) l TO to0g CAVITY L99
Q1A04lVA~iE) (CLjIZ).I~mImUT) CAVITY 4UG
kWwINli INASE CAVITY 4OI

C GENERATE COPOPLEA GAIN ARR~AYS CAVITY 292
40 AMULI a OCZ/b. CAVITY 203

Oil 11 IAuLNtAA CAVITY it04

ACLOO DCAOACLO CAVItY dos
GOP1 2 SSbjAIN( LX.NCAVf) CAVITY 406
AMULTN a EAb' IAPUL1J0P) CAVITY 907
DU 11 IVzleNYA CAVITY a06
12 a ZA*(IY-j)*ftAA CAVITY 209
DOMIP4 a TUPIOL 0 e'PUELZ) SUf77CY1 10
I.F (m.4IS( L&U.us CAVITY a10

AC64IL) 0 ZNUL tvf*CMA 4COS (W4M.5IN (PAM)I b5MCYI1 11
C A Cfb( 11 a EAb'tiII*bCL/0.I*CLA'(CAKAYOP'00 11 CAVITY it12

IF IMWEST *EU.1) CAVITY d13
A CG(ILi a CAdS(Cb(1L)IOCM'LA(LU(',4LIISlN~b'MIMI) 6uvCy1 12

C A CII4 li x CAOSICb(i IL ))iCkAP(LAAAY*PP4 IL I CAVITY ?is

67



IF (4.4CSr c.2) CAVITY d16
A ClfIZ CAWLA I .) CAVITY 4e1.I

I I CONTI-NuE CAVITY d
wHIIPt(i4AbE) (ClaILi3,LiL,4Ulj CAVITY 9

10 RIaIN) IdA~t CAVITY 220
'.'9 RkAO (?) (CULi)9IZ'AI*N0rj) CAVITY ~a

*wtINO I CAVITY dad
C APPLICATION Ji* CAV~lY tWAfNbMIbIUN iPsNCTIUNb 10 COMP'LEX FILO CAVITY 240

'20 45AMN13 (.CAVN) CAvITFY 946
NVA2.Y (.ACA444) (c4S1M0 L) CAVITY doeb
NAAuNA (,4CAvNI) CAVITY 24d
NUTi x NAA*NYA CAVIrY 22r

C *00 FIWSr TIME rMMUUGtl rMIS CAv~lY. ZtRO AVtAtjE INTENSITY AMWAY CAVITY dis
IF(NtiCAy.E'O.0 WaO TO 51 CAVITY dZ9

C CALL £C4(Uf 1 )#00( NUT I) CAVITY die
OQ 46b ILEWOulMiJT CAVITY dil

46s putIZ0401U800 CAVITY 232
IdU10lVAt-)l1! CAVITY 4ji
NCuLU a U CAVITY 4
00 1J IUaltbA CAVITY itis
IW0ASdIBSLO19 CAVITY 216
vNITIL lIdAS) (PU(IL)LI9IMUI) CAVITY 247

S3 ia(wjN WdAS CAVITY aid
51 IWASE 8 1O.(NCAVN-I)*II CAVITY dig

IF (NCAVN .Ewo NCULU) Go r to CAVITY 2413
l)X A AC(NCAVN)/NAA CAVITY 241
DY a YC(NCAVNI/NY(NCAVN) CAVITY d4a

C ESTABLISH CAVITY UINmOCArIUN AMWAY (TRASS) CAVITY 243
TIPASSII) 0 UA CAVITY id 10,
TPASS(Q) a UY C AV I IY ds
rPASS(3) a NYA.UQ CAVITY d46
TVASS(4) a NAA-.IU1 CAVITY Z41
TI'ASSIS) 2 (OY-YC(NCAVN))/4. * YM(C(NCAVN) CAVITY id
TOAASSISONYAJ a UA14. - AMC(NCAVN) CAVITY df9
00 5 1 m 29NYA CAVITY ZbO

5 TRASS(*L) U TPASS(J*I) 0 UY CAVITY isk
04) 6 -4 a 29NXA CAVITY 252

6 TPASS144NYAOND %T0ASSI3..iVA*N)* 01 CAVITY 253
NCOLU a -4CAVN CAVITY 2b4

db NTm.4STE CAVItY 455
lvual CAVITY zbO
DCZ a ZC(NCAVNI/NbA CAVITY eb7

C PROPAtiAr. 10 FIR4ST t0AN1, t S (ENI CAVITY dbd
IF (NSTE.EoJ.J.Uk.NSTE.EQ.b) IUUTaVQ CAVITY 9
IF (NSTE.EA.J) NbT=42 CAVITY d6o

C IF ST.E4AOOIa.LG..)CALL CONEIUCL/Z.U*ZLI*0*G) CAVITY dBl
IF E~I.Aul.C2.L)(i1u CALL TEPWtCZ/2.U*0LI. CAVITY k6a

A '4AOCOW..I .a.NST*uUUANGiAANbY.OI) CAVITY 263
IF (NSTE.LE.J.ANO.OUCb'e.*ZLII.GT.I.U) CAVITY 464
ICA#LT Ci.j.LouN..LNI UoUgANGAtANGY90,UI CAVITY odes
mtr40NYat C;AVITY Z60
IF (iNSt*%LE.J.ANOU.iCL/2..&LI).LE.I.UIMLMUMYaI CAVITY 467
00 Sb JNSULONSA CAVITY d68
Itl a 0) CAVITY d69
IF(IL)4*LI.UI IdwNS(r4CAVNI*t CAVITY diO
IAuU 9 JNSOILN.1t4 CAVITY 471
AFACTRI CAVItY itz

IF tIl4MO.Nt6V) AFACTzI.1*NVuwO*e CAVITY diS
WO~O a IAOU*tp*IVAbt CAVITY a'&

C V31AWLISPI PILLU IthERNOULAI ION AMWAY CAVITY als
ripOtL) a A~dI-AIl) C;AVITY d to
T14t(9I a INOU(fl CAVITY 91?
tPPUIJ)n NOe~Y CAVIlY dig
TFOU(1) a 'jiltS CAVITY d99
rJ i * I0jolot~ly CAVITY duo

tob rpoliajo-61 a xt(INjI.my CAVITY its1
1)0 42 IWIda,410TS CAVITY da

ea roO()iLpj.NPf* 1a AtI?#J)*0.A CAVITY d83
C00COm##UIE L.Nrt~.sIT IicIut., vovUN stfaNttvT CAVITY 284

U0 61 MA8I~r4uN CAVITY ads
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bi u1 MA J ( CUN(~4MX-04~* CUN4L*MAJe*4I X FACT CAVITY d86
apdITE 11) IUb(409ILLmL.'4Ud1 CAVITY da?
IELwINO F CAVITY as
Ii.CG a IA000LHAbt CAVITY 4dd9
NLAUj4IOCU) 4CU(LZ)9IZ8IvMUI) CAVITY d990
iRLWI~vu LUCt CAVITY AMI
IF (N0L.(,u) jo TO aa CAVITY 499?

C PLOT FIELD INCIUtNT ON OA±N'PrnASE SjwmEmF CAVITY dV3
wo~Irt (696VI NCAVNIAOU CAVITY ~991

69 FO4NAi(JVmI 0*0* C.-M FILL IN CAVITY NUMOLR oldoiUm AT S CAVITY -d"
ALUN&4T . .Idt4l dE7ONt wAIN HAS wjE.N APPLiCD 0~* /1 CAVITY d9b
Raj CAVITY 29?
UMAASU.0 f.AVItY 296
CALL uuoTCo4YNT99oMAtTU.oAS~.Ab. CAVITY 299

C lOLUT WAIN 0WUFIL1 TinROuGi LtE uF CAVITY CAVITY JUG
w~tTE (6961) NCAVt4,IAUU CAVITY Jul1

a? FONMAt(9UNl C6(194) oI.ort~u IN IriE A-tIIECTION THQUUGM rtn CENtTR CAVITY 30Z
A Of THE CAVITY. FOR CAVITY 0 .11.15.1 SXQMENr ;lei CAVITY 303

OELACWXC I NCAVN( dNA INCAWN) CAVITY 304
RCAV(1)BUELAC/Zo CAVITY JOS
U1 66f KCA&4$MAA CAVITY 306

061 ACAV1ACX)0XCAV(KCA-0# UELAL6 CAVITY 30Y
Ka- I CAVITY Jos
UMAAUU * 0 CAVITY J09
CALL uur.vur(C1)NY(CAN).N4A(NLAVN).ACAVA.UM4AA..T1U...FAL$L.. CAVITY JIG

A *FALSE..) CAVITY ill
66 ImOO CAVITY i11
C. APPLY CAVITY Tg4AN5MISSIUM .) CUN.'LEA P11L0 CAVITY £13

00 5d .JYz.Nbvy CAVITY £116
DO 56 JA=I.NNtS CAVITY JIS
CALL INTLACPA~,AJA)UAAIJY)U1,CG1,CUUMNNSYM) cowfli 40
Z1 a IL'S CAVITY AT?

!2 Cut IS ) a CUumoCut LZ I CAVITY JL8
tAU 17) (Ub(IZ.I~I9NOHi CAVITY £19

HL 7N CAVITY Jet)
C CALCULATE sun OF INTENSITI~b wa.FOR AND. AO;TEN GAIWOHASE SEGMENT CAVITY JI

DO 64 JYwIqNUH CAVITY £3
04 US(JY) v(CwmQ0JYI)*04 # '.URIIOJYIOd)* AFACTOUS(JYI tAVIY J343

REAO 4100U) (VUf1Z)$,LAu.MUT) CAVITY U64
RkWIU IiJPU CAVITY Jls
IF (NOLT.EU.u) 5*0 1U 7.J CAVIIY 320

C 01.0 IIELO LLAVING jAIN/'RHa4b SE%3~iT CAVITY J2?
wWITE (69391 -'CAVNsIAO) CAVITY Jes

J9 J,4A((///.J6.lI *4*0 L- P~t'.U IN CAVITY NumdEN 9II1919 AT S CAVITY £39

AL404ENI 0 U 9I44P AFTER 9wAIM MAS 6ELM AbVPLIEU 0*** /3CAVITY JJg
K81 t.AWIY .341
U144ASUoU CAVITY Jie
CALL OUTP'UT fCU~rWY#1fY~SA9A.oMAA9 *TMUL* **FALSE. 9 FALSE.) CAVITY 333

13 TIO.4INat'1Olb1 CAVITY 334
C INIERIOLATE I'0wto Utm4SITILb ONTO CAVITY WNiti SUN wItH Rt.ULTS .AVITY 33
C Of PRWEVIOUS PASSLS ANti brk CAVITY Jib

U0 S7 lifeatiNYA CAVItY Jilt
T TtSYUTASS 44*IN~l CAVOtY 336
IF 4rTE*Y.LI.TPO~tfvJ 00 TO V1 CAVITY 339
00 So INABIO.UA CAVITY J40
TTES~mT0ASS 40%iYA.!MA) LAVITY £41
CALL INrINP~rP0.TTESAorTEYtub.1,N00,NMSYM) coup& 4
IZ a INX4IINY-&1t4AA CAVITY 363

b6 out Iz I a P134 IL 1000041ji. CAVITY £44

V? CU.1TINUE CAVITY 34%
oWNITEIIOPO (10OIL,aI,..uT) CAVITY 446

Ckk.ilrot LUPO CAVITY M# I
C PRUPAbATI to W.Ar GAld'pHast bcofNEt CAVITY 340
C IF(JNS.NE.NSAANON(,441NY.L.*UICAL. CONCIucZ#0901 CAVITY £49

IF WJN5.ME..SA 9AMU..mENQY.L. u ICmj. ZiEP(OCZN4AOCUMi,.I.NleST.0, CAVITY 3106
A 09ANOAANY90,I) CAVITY 31

IF (JIS.N(.N'SAAn0.N(EM0NY.Xg.i1 CAVITY 351d
ICAI.L STIV4OCZ9MAUCUN..loitiftleT h0#AmGAvAM4Yv0#O) CAVITY M5
Mt"MI4Yo CAVITY 3104

C PROJPAGATE out UF CAVITY CAVITY 35S
C IP(.jS.EU.N4bAAN0(OCU3..oLulU)GIo.ICALL CUW(IOCZ/I.O.LUIO1Ts CAVITY 350



C A) CAVITY 351
1Ftwb.~.hA.~o.oCiI.t~g.G.~.CAL 5EP10CZi.4dQ*LO. CAVITY 3W

X RAOCU..1,lelNSIOlU.OANb~1AAM*Vg,) CAVITY 3S9
55 CO#4TIr"tJ CAVITY 30

141LT U14f CAVITY 301
Emw. CAVITY J62

8. SUBROUTINE CENBAR

a. Purpose -- This subroutine is used by QUAL to find the centroid

coordinates of the far-field beam. Figure 20 describes subroutine CENBAR

organization.

CENBAR

INITIALIZATI1ON] CENBAR. 6--
CENSAR. 11

PERFORM DOUBLE SUMS:

N N

AXBAR X(I)US(I,J)W(I,J)&X
101 J=1

N N CENBAR.12-

AYBAR- = FX(I)US(J,I)W(J,I)LX CENBAR. 22

1-1 J- I

N N

ABAR- E1 US(I,J)W(I,J)AX
I1 J -1

BEAM CENTROID COORDINATES __

XCINT - AXBAR/ABAR CENSAR. 23

YCINT - AYBAR/ABAR jCNA.2

Figure 20. Subroutine CENBAR organization.
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b. Formalism -- Let E(x,y) represent the field and let w(x,y) be a

weighting function defined by

W(XY) 1, if lE(.x~y) 1>().l (fEV a) 3/
w(x,y) ia ., (137)

0, if IET(x,yl 2 s0. I max'

Then the intensity-weighted centroid coordinates are found from

x ffdxdy IE(x,y) 12 w(x,y) x
c ffdxdy IE(x,y) 12 w(x,y) 8

where the integrals are numerically evaluated over the calculation region.

c. Fortran

Argument List

NPTS = Number of points in x direction

DX = spacing between two adjacent points

X = coordinate array

US = intensity array - JCU(I)J !E(xy)"

XCINT = Centroid coordinate in the X direction.

YCINT = Centroid coordinate in the Y direction c

UMAX = Maximum Inter-sity

The incoming parameters are NPTS,DX,X,US,UMAX. They are unchanged by this

routine and are used to calculate XCINT and YCINT.

Note: The subroutine assumes that the field is square. Computer printout

of subroutine CENBAR follows.

SUBROUTINE CENBAR 76/175 OPT=l FIN 4.6+452 04/27/79 12.23.47

uCUEUUU01 C,'*N( NPTS9 jUA At Ube ACI'iI YCINI. UNAA) L..NdAW d
C C NtHU[0 LUCATIUN MUUEL CtNdAW J
. IMI oUU;INk LUCATEb IKE L,0I'a'Y aIutI#U CErI.NIHU|U OF ift LN$A&N 4

L C,MPLLA F ILU CtmdAH b

&LCVL NPm 9U CL'N8AWU IMtEIU N A(1) 9 US( I) (A.,*WAN T

UCu a . 0 UMAA .;LN8 A
AYdAH8O* CNUAW t o
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AOARSU. N;LrAN 11
UO 10 a1tANers CLdAW 12
A()YnU CLNO*N IS
AOAU. C.LMSAN 13

A 1 *IJ-1*i# CLNBAH 10UO 11 J819MOIS (.NBAW Is

JI * A110 "TS C;LNSAW 17

IF (Ub(1J. .61. ucur ) AUA a AUA * US(IJ ) [EN4AW Id
11 IF (uSI.jL rG. ucur WIY 0 AUV # US(J1 ) UNfSAN 19

AAbdAaAXSAWAOA*OA*A(I) CLNdAM d0

AYUANUAYdAN.AOYO0A9AX) CENBAM d

10 AdARSABANOAUAtXJ CNdAN id

ACiNrZAAdAR/AdAW CLMOAW .0
YCINTzAYdAN/AbAN C.NSAM 4
Wt 1 UW# CENISAM ids
ENO CV4OAM ib

9. SUBROUTINE DENSY

Called from: CAVITY.

Calls: LINTERP, ROSN, ROSN6

a. Purpose -- This routine controls the generation of the cavity den-

sity-induced phase distortion for each cavity in the optical train. DENSY

provides a choice of density fields including interpreted test data from

several devices and the ability to read in density fields from tape. Little

formal calculation is done within the routine itself, other than the genera-

tion of multipliers and certain other constants used by the interpolation

routines. DENSY does tabulate spline coefficients if any are used to gener-

ate the phase distorting field, and provides a decile plot of the phase field.

Figure 21 shows the subroutine DENSY flow chart.

Argument List

FLAG flag for density field selection

IF file number where MOD 6 density field is stored

IN file number where input card data is stored

INPX number of cavity density grid points in X direction

NPY number of cavity density grid points in Y direction

NSYM flag for symmetry of field

RHO free stream static density

XLEN X-dimension (flow direction) of cavity segment

YLEN Y-dimension (sidewall-to-sidewall) of cavity segment

ZSLAB Z-dimension (optical direction) of cavity segment
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CALLED
FROM CAVITY DENSY

VARIOUS TEST DATA
DATA STATEMENTS

USE FLAG YES READ CALL DENSY
XLS-1 DATA -4? MOO06 ROSNG 205-226

FIELD FIELD 1 106-135

USE REA
CALL SOQ77CY1,

(NOSP>7E7 LINTERP 51-100, 101

SPLIN ESDENSY.
AND 110-147

148-159
USE

SPLINE
DATA

CALLSOQ77CV 1.
ROSN 104

DECILE DENSY.
PLOT PLOT 18-203

Figure 21. Subroutine DENSY flow chart.
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Commons Modified

/MELT/

Variables Modified

P storage array for density induced phase distribution

X4
L

Y4

Z4 spline coefficient and other data useful in generation

C4 of MOD 6 (XLS-l) density field - not used for other field

M4 options

N4

ROCL

/LENSY/

Variables Modified

D spline coefficient array

H cavity width (sidewall-to-sidewall)

LL flag for cavity wall symmetry

I number of data points in spline arrays

RHOCL centerline density variation

TITLE field identified

TM tangent of Mach angle

XLS spline array center deviation from NEP

XMULT magnifier for entire density field

Y position array

-density change array

b. Relevant formalism -- Most of the formal calculations involving

spline fitting a density field and interpolating the results are done external

to DENSY (see subroutines LINTERP, ROSN, and ROSN6). This routine directs

the activities that generate the desired field. These activities are summa-

tized below:

(1) The density field is read in directly from information

generated by another program and written to disk (FLAG

= 10 or 11)
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(2) The sidewall density variations, but not the coefficients

for a spline fit, are read in by NAMELIST or from data state-

mnents. The complete density field is generated by projecting

these data into the flow along Mach lines, and linearly inter-

polating via LI.NTERP. (FLAG a 8, 8.1, 9, 9.1)

(3) The sidewall density variations and their spline fit coeffi-

cients are read in on cards or taken from DATA statements.

The complete density field is gene-rated by interpolating with

the spline fit along the projection. (FLAG = 1 through 7)

A decile plot of the density-induced optical path variation (in cm) is

generated after returning from one of these actions.

Subroutine DENSY computer printouts follow.

SUBROUTINE DENSY 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

svwq~uurIE~ Ut.NbY(FLAu.I4PMUAL.NYLtN.i~LAdN.AN.Y,1~i.,N.NbYM) U.NbSYe
C 1NIb I0WO(i4AM CUMOUrTh I.iAht VANLAILON IN t.ACH iEGMENI Out TV Ut.Niby J
C VAbIATI~rob L-4 Tlt tjAS UtNbITY LN hft. UP1ILAL CAVITY. INI.'ur .ANAImtTt.Ns Ut.NSY 4
C ANE . ULNSY 1
C 14mu - FP4EE irktAml hrArC Ut.NblTY LJLNbY ft
C ALNYLdN.ZSLAd Aft. UIMENb1UNb OF bt4t,~N r Ut.NSYF
C NI"A.NIY Ant. NUMdt.R UPF (MILu I'INP3 IN AvY UIMLNS1ONS LtNSY #
C If Ibp r't FILLt wN WHICH Flt MVU b Ut.NbTY PLELU is sruwtu LtNSY 9
C FLAIS FLA(, OUR Ut!Nb1TY FILLJ Lt.ACllUN UENbY 1
C 1. ( UN CUNTUU b4iUtoiALL9T8J !DLL ULNSY 11
C d . PUIW PLAT SLULtALLP134 t&C Ut.NSY 12
c J . LATEST AMU) GNkArtb TWO bTAGE UENSITY FIt.U) JtNSY 1i
C a 4. FOR ALS-l P400 ft ND.OS~L MNTH AMU) SOUTH bIL Ut.N51 14
C a . Fon INPUT FROM CAI4Ub OF SP'LINE CO-EFP'S. Ut.NSY lb
C a a. FON INPUT FROM 4t.AU IN IN WMt.VLUUS CAVITY UEFINITION Ut.NSY 16t
C a* RUN 112 AT Tfli.f st6t NiGHT 3rA~e durH WALL$ SOQTFCYI 13
C .0.1 ft.AU NA~t.LISI ULNSd FOm RLbM1 '3TAOLt bOufVTCYI 14
C V9. RUN 1U9 AT T8L.0 SLI. LLFT SrAU.E UUTN WALLS bOUV7CY1 lb
C x9.1 4t.AU NAMEIsr5 OENSO FON LEFT brAUaL SUEJ7ICY1 lb
C aIQ* Nt.AI AI5TY FIEL O IUM UNIT 30 Wo? MY I IF
C all. WLAO UtMPSITY FIELU PMU1N UNIT JI b0u7TCY I Is
C Ot.NSY IT
C OtNsy Is

IMPLICIT CUNMtIAK) Ot.NSY L9

REAL C4 LMSY 491
UUIVALENCE (MAtm) Ut.NSY 4da

COMMON ii"i~r, 04163809, UCNSY 23
A A4~Iy(leI~(el,42,l,4d)N.uLUtNSY 24
AqOUAIYb(4439%) CUNAZ b

OIMENIOM TITLEI(d0).ITLk4(idU)9 uLNSY e
A YllL1u.~~OY(,25,J(SJttSY oft
A Y4tsg).sz(5osuSibvitITLEJQi9J Ut.NSY
A ,lTtSO.8bJIb~UJ(g oullCYl 19
A *VWbDLWSJwb)SUU7TCY1 do
A .Y Q ),9(S0J0(u SUQ?CV1 dl1
A ,yqw~lbG,L9d(5uI0L~u'u~I~TL.9(dgV SOVI7Cvl 494
UIMENSION TILlL2)9I9Q)U CORAI 50
CU NON/Lt.NS fI b 19 )1,Ivid)9Uf t #,d)1 iH fm1)ALSI (d)9rAMUL I i) # Utt4SY 429
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A '4OCL(21.M(dJTirLEtidO)#LL ULMISY JO
NAMELI5r /utN58a' rmaMdAM,948W9Y89ZdqYdW*Zd bU77CY1 93
NAI4(LISF /OENSD' Tm9*.99AMV9M9Wv9.VvY9W9Z9W 5u417C71 114

DATA 40C /Ii.42kV uhm5y it
DATA TMV3.21034/t 14J/50/9 AMJ/.41i/ Ut?45T J2

CAT * . u tm .*3.*5 .I'SV 33

DATA OLN*4d4~EJ-.u1~~.184k-2-697v-.U/SY 30

d.4b9V6?8 9-.62940141E-It 081JJd.441Jd 945d100(2. Ut/ISV
C-06591i4fte-l *4546J q*.Su6136 0 2o.*...2s4EL UENSV 43
U O.IS#ajl .. sIsc1.uauL1-1v.3e1.*2J341048(.1, UENS? 446
EIS18b5*4E.1v *6?dL1.44?tk.4.94164 .45'*f.L UINSY 45

F-.*6345l4E-1. .19471J4 **UJt...18?6',.6i7 UkISV 406
ba-.1?336141E.1, *g805d417 0-."9'6. t-*J22?11 0 061V)19jlt-1 Ut/eS? 47
Pt .?4o('3?4E-1. *6df1p99 9-.18668v3 9 *1181bos 9 .371690sk-19 Ut/ISV 48

1-.03J*862t-i.*?t J3~3-1~66~J *3853331E-4#. .36JJ3LIL-4b/ Ut/IsV '.9

DAWA UL~UUd-1~6.~4E1-J4~2t1 tNSY b
A .94S54919E-1v-.516465IE-ks .1bU66--1-I489'V * *33b!691E-19 U.NSY i
8-.2Sd4b7ZE-I* .el52iO *-.34?Z'.q9 9 .9930979 *-~ .~ UENI 59
C .447466, 9-.15.1332 , e~999660 , *J090102 v-*15Jd64ftE41v Uk.NSY 60
U-O.ssoaz2 v-.L99ddli!E*1, .J3YJ4.iv. *49648lt.1, .49011499 * UIMS? 61
E-.2675u8 ,.6 E1.. t1-25Z01-uo~I UtfISV 62
F *2061374C.1. L123uS49E1lv. J*idO4 9-.64558S2E-10.*4180724E-19 Ut/ISV 63
G-.10ab101 9 .36134734 q-.LlZ813j4 q.*32Z420b 9 .a314146E-19 Ot/ISY 64
94.54966J4E-,.00-11,- 146.dt~ 62395SOE-4# 96ZJ9550L-4/ UtISY 65
DATA TITLEI/ '.nFLAT,494 SIU94MtWAL94M1 Dtv44r'SIT94MY FI,4MELD,9 UtMS? 66
1498ASE940 O)N94" Sk-,4H1 uA,4#qA 80*44 UtISV 67

DATA r1TLEJ/ 4M4 C,.aI0NfU94nuWEU9*A4 SLU94P4EWAL,94ML UE94"NSIT, Uk/iSY be
1491Y F194flELO ,411ASE.94MO UN94H SI-,94L OA9*NTA 96*44 Ut/ISV 4
DATA rITLE3/ 4M4 LAT.94EST *94TW0 94M4 STA.94GE U*4MNS1,94TY F9 UENSY 70

14941(10.94A 6AM44INAH.94M - dt41 wtMv4C/I 9*4M / tLNSY 11
DATA Y3/ -3.5466669 -2.43b5tt5 -j.3U44449 -0.43S555 0.344444. DINSY 72

A -0.d57?7779 -0.Z3515. -0*294444* -092200009 -Q*2155bbv ULNSY F
A -0.213333. -0.406a669 -04.02222t -0.1911119 -0460D00. Ut/ISV 14
A -0.175555. -0.0111119 -41.1044449 -0:157777, -0.146666, Ut/ISV 75
A -0.124444. -0.11333it -0*141U22, -0.4191111. -0.060400 Uk/ISV 76
A -0.0686888 -0.0511779 -41.03b5SS* -0.0133339 -0.002222# Uk/ISY 77
A 0.O0wS8. OiOSbbbq Q.QL999, 0.024444, 0*411119 Ut/ISV 76
A 0*04122229 0.413J339 0.41b44449 0.075555. 0.1900009 0kifSV 79
A 0.164444, 0.2311311 41.342222 094S33339 41.615555, DENS? s0
A 0.8977, 1.342929 9.0018889 2.4533339 3.140000/# UkISV at
OATA 13/ 0.00. 0.40,* 4.00, 0.10, 0.4009 0.00. 0.00. 090290.06 UtISV 6U

A 0.149 .185. .3 0.87, .541 , 1.9?, 1.04. 1.06, 2.04. UVOSV 83
A 1.96, 1.85. 1.541, 1.27. 1.15. I.l0, 1.07, 0.98. 0.988. ui4SV at#
A 0.6?, 0.47, 0.4. 0.16. 1.4199 0.05. 0.03. 41.01, 0.00, OkIESV as
A 04000.000 0.0. 0.00. 0000 0.00. 0.00. 41.00, UkISV do
A :000. :000. 000:: :::Qt0 41.Q/ ukISV 87
OATA U3/4 4*.291422E-0l,-*14S7111-1, .619272E-01,-.99G12kL*00. UtMtSY 86

A .52010L*01v-*3&16*4C*029 .ii941SE*49 .145180(404, .200112L*049 01/ISV 69
A .886166E*049 .26?319C*44-.JJ1096E*U4, *107416E*039,.4844?0(.04* Uk/ISV 90
A,*226811'04-.28032E.04-91011E43-.138990E*03,-.111126403 0k/ISV 91
A-9640162390039 .139499E*049 .414640E*Q3, .3S0441E*039-.84**Q6Ei039 UENS? 92
A .11118ft*039-*86336k..02v *819l6iE'412-l988Eo3t-.90660E*039 Ut/ISV 93
A j1301261*049-.S415JJdk*03* .1b99?8E*U149-9I88L6E*602t .346199k.03. 0k/ISV 94
A *374Sj6&*02q-.141006dL#Q99 .4bI3bt*.01.-.48744E*00# .?5963IL-019 Uk/ISY 95
A-.161664E-01 . .339596E-Q2,-86609E-13. .1S61J5E-Q3v-.4139b6E-049 DIMS? 96

A .4451-41,-16175-45,.51811E41,-.8186-47,-76?81-0j' 0145 97
DATA rITLEO.44 ,94m4U94 .9411i .941.6 .49451C 049491494 5007?CVI a5
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A 4141' sro4A(iI 94NEAST,4l ANO.4hmwcsr*4 OAL94M4L AN144ALYr.4145C 9 SU7CYI 26
A 14M 9411 .411 .4 .411 5UQTcYI 27
DATA TMS/.doJ.5,.M#/22/9Aub*Q093.9 Md d SUJ?T1CYI 48
DATA Yd-..1*?-.,1~-.,ij-a-.-e-...., S~UWCYL 29

A $..4.,1.4U.b..~.l UUIcyl .30

A 5.....Ib OUTICYL 4i!

UAIA ?-..I SUWTCY1 JJ

DAIA r I LE S/ OM 94flUN *'.4LU9 .*#I1.d .*1SEC 9411LEFI, 5UoJ7rCYL V
A 411 sr.*4flAvE. s411EAbT,.1 ArNu...114s.4 MALP*HL AN,4fqALYt.4111C 9 $UQ??CYI 3d
A 77 9 d6e1 ,4"1 *1 .4b1 wOu?? I sqy1
DAsTA S04447i MY.11..U~ 11.1WS#1 1 40
DATA S9- -. W-..1.b-d..4-5.....4-l U(l??cYI 4Lt
A %.Z-U.U.L.'d. Uld?7CY1 #*d
DATA q-s1L111...k..1e-13-O141 ... u S0QTTCYI 43

A *7..4..JSOu7TCr1 44
DATA Y91?.1S,14-.b-.~-9..O-4..?-J UI.ITCYI 4s

DATA b0QOU7CY1 4?
A .4.3......~/Sul?CY1 40a

DATA dLAl4K/41 UCJ4SY
11U LE14 Q&.NSY 100

X0IACM*.. * UtL)NSY L0t
LAbUFLAO.l 1JVSY 102
OUT1 a NOAOY Ut.NSY 103
00 10d9 1dtR0u1.MUT DLNSY 104

1bd9 I EHENQ a 0. UtmrSY lob
C CALL LEIJU(PE1)9,j(14Ur) OLNSY 106

LLSI ULNSV LOT
IV(~bEU..D.L,.L.7uN.A~&A.~.N.A~iEQ9)LL*S(NSYMdI) b~UU7CY1 49

C CUNTOURED SLUEVAL. atNs1tr F1tLU OUriSY 110
IU0 TM41sT*SQ.4TA12e2-1.)/(AACMeO2.-&.n LM~SY III

AAULIPIAN1ed04T (AM2021.i Ed (A14ACI**d/5UNT(A11AC11O*2-1.)) ULNSY 112
XMULT(I) a 1./AMULGa Ut.NSY 113
ALSI 1)ua0.d ULMSY 114#
11(l) a 45 Ut.NSY 115
DU 110 jul.4S DU.NSY 116
Y(19* 1))4 ULNSY 117
ZELI1d(1) (ANSY 11a

IL0 DE1I)SOZ4l) (ANSIY 119
O 120 18l.2u (ANSI 120

i~co rirLE(l)eTITLEZEI) (ANSI 121
GO TO 2 DL.NSY 12

C FLAT SIDEWALL DENSITY UKEL) UtL4SY 123
900 UL1211SNEAI*.1i'AAN*-.)(NSI 1U4

AfuLbaE(AMIl*2'5Mr (AIII*2.1.I).(AAL11*2SUNTTAMACM**l-1.)) Ut14S1 125
AMULTMZ a i./APNUL. uANSy 1 Af
ILS(1)SOOO UENI? 127
"M1 a so (A4sI 110
LEO 210 1819bo ULNSY 149
YC1.Iu*YI( UNSI 140
z1 1) 2Z11E) OLMSY 1it

gl104Q14.IsuOlE) DENS, 132

AOb E0 191.0 Ut.NSI j

90TM~L) IXILIl *LS 144

OG 31I0 13 *ts 1.1314

XvU1T1) a XJE DENSI 149
£141) a 041 '~ 01.145 140

410 U1191) a 03(11 ULNSY 144



00 320 1 a 1990 ULM.SY 141
4J90 TIrL4I3 ariILL341) UeNSY 146

W4 TO 2 ULMSY 14f
C**00* ALL STAGE DENSITY FIELU (ANALYTICAL SIOEWALL i'I4UJCT1UNI **O*SOU77CY1 51

@430 IF (FLAG*LT#8.UbI uu To aug S4J077CY1 52
WEAO (StUENSOI SUQ77TCYI %3
WEA) (5.807? 111LE8 W477CY1 54

8437 FQWMArQUA4) SOUd7VCYI b5
84T14i) a T~n souJircyI 36

ASE0U7. w9TTCYL 57
ALSMI 2 0.03 5041TCYL so
AMULTMI a AN@6 SOQ77CY1 t9

*M) 811 10 44 5UUTTCYI 0

Y(1.1) a Y8(1) SUQ?1CYI 62
Z(191) a Lai1) S0907?cyI 03

8143 0(191) a 0.0 SQITCY1 64
IFZ(ILL.Egetl 60o To 815 SO77CY1 65

114(2) a TMO SOQ?7Cv1 00
XLS421 a 0.03 $00a7?cyl fa0
ANui. r(;v a A940 sufay7CV 09

f "2) a "ONW 4sog?Cy 70
00 611 131.448w Q6C1 T
Y4192) a 18611) 5Ofd77CY1 71
Z(102) a Zou(1) 54JU77CV 72

al1 041.2) a 0.0 SWd77CYI 73
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14.16 1 CNIA tSIY1 160

PM4 LNeS1MA ULMSY 186
DO So Iai.MUT tANSY 187

OMN ANINLIIDMIN90t I fl tSY led
04AX a AMAAII1'NAA,1'( I H ONSY 1og
O$31'*IAA-"MN ULNSY J14)
IF (LAG*Lr.1io) ieeL i0at) rLTL& S4MJYTCYI 161
IF (LAb*4E.1U2 dN1TE (6 9 d0J) *QQi7,CY1 102

'a23 FummArtintI SUQ77CYI 161
51 FVwMAf(Ileg1.A94UA41 UNSY 192

IMI OINSY LD
IF (NAit.T.1ied) 1I~to UANSY 194
OU 5d J81,410Y tANSY 19b
Kin (VY-Jj 0 NI'A UANSY 196
00 SJ 181,t4PA910TE tANSY 197

33 ULMuO,1I1
3

I.aPAL~. ASY 199
52 DUn9*IALJZM St~Y I"0

001M(69"l WMIN*0"AA*U' ULNSY 0leo
tt FHm"AIIIJrnjNIM VALUE S1S*I*.IA*L9MAA VALLJL ISvjlbo.7.1A* UtLSY doz

1371qi 'IIJMALZING IACIUW IOrN A04JVL 1LUF IS sE1b.Tl ULNSY duJ
H4E TU~mi utrs 404

C X65.! f400 6 N(JZLEb OLINt. ONAIA IPUM PILL 14 UkNsY ieus
ob00 xEAO(1P,1d*U0) TLL ut.NSY dU6

1*0u0 FUHMA111A4) utNSY 407
WtA011I91401) F449.N4 tALSY ZOOU
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00 001 Isitl tANSY 912
*U1 I LrEMOUrLLE Utr4SV 4d1

00 40e IU1JVZ0 ULNSY 214
&Ud fM rre(I I WLAA tmrSV dib

Ia4 ) tANSY 416

WOCLs-.4NQ*G0C*15.Au tANSY 218d
OARALNPz ULNSY 219
0Y8YLEN/INPY*tNSTM*L1) tOt4Y zUIJ
U0 41V I1.1N1'A OLNSY idi1
AsOO*I -.Sj (JNSY 222
00 410 JU1.i."v Ut.NSY 493

sa OY*(j-.5j - (ILLN-6.) /a 2. trSY U34

410 iE(J1Oxla up' OLNSY 26
W0 TO 1000 SOQ77CY1 164
ENO U11NSY 028S

10. SUBROUTINE FOURT

a. Purpose -- Subroutine FOURT performs a forward or backward Fast

Fourier Transform on any multidimensional complex array by efficiently per-

forming the summation.

N-1

N-0
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The transform pair that needs to be evaluated is

F(s) f(x)c 2*7ixs dx (40)

and

2rixs d

f(x) F(s)e ds (41)

To digitally evaluate an integral, the continuous form of an integral must

be changed to its discrete form. For example,

b N

G g(x) dx --1-im grnAX (42)

Ja N-M n=O

b. Relevant formalism -- Assume that all the intervals, AX are

chosen to be equal and that the infinite sum can be approximated by a finite

sum. Then,

N -1

G gn (xnl - Xn) withgn g  - (13)

n=O

4-1 g (b-a) Cb-a)]

G -n --[n---- -

n-0 N NJ

or

N-I b
2- : "gn f g(x) d av

n=O a
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To evaluate Equations (40) and (41) by the approximate form (Eq. (44)),

assume that the function f(x) is spatially bounded in 0 <x < 2L and that it
is a band-limited function so that F(s) is confined in the region -B<S<B. To

perform either a backward or forward Fourier transform, the functions f and F

should differ in form only by the sign of the exponent. Therefore, the prop-

erties of F must be evaluated so that its region can be changed to 0<S<2B.

This is easily done by replicating the function f(x) so that it is periodic

with period 2L. This will not change the value of f in the region of interest

and, by proper choice of N, will return the desired function F.

A sampled function, fs can be analytically represented by a Dirac delta

function:

N=} 2L

fs (x) f n 8 (x-nAx) with Ax = (4S)
n=O N

A replicated function can be represented by a convolution:

2L

frep (x) /di f (x) a X - (x'+ 2LN)

= f (x) 10: 6(x - n2L) (46)
nz-=m

Therefore, a sampled and replicated function is represented by:

' (x) - fn 6 (x-nIx) 6 (x-nNx) (47)
mm..

A A
The Fourier Transform F(s) of f(x) is

IF (s) = F jff- F fn 6 (x-nAx) F S(x-nNAx)} (48)
I n-0

by the convolution theorem. Since
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2rn
(x-na) = (49)

one finds,

2rsntx (s(s) -n (SO)
m : NAx

Rearranged this gives

1s) a / - '- 1 2rimn/N

Nax z)EM=-= n=U

Recalling Eauations (dO) and (44), define

N1 2r inm/N (52)
Fn a Ax 2: a FnN

n=O

Then

(s) - 'E m  & - 7s4)
N(ax)2

Since Fm = m+n, one can rewrite the above as a replication for every N
point.

(s) s -i

M-0 nx-

Therefore, by replicating f(x) with period 2L, F is periodic with period

1/Ax.
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So by choosing N so that N/2L >2B, rewrite the limits for F as O<S<B.

Since

N-i 1, n= k

nk N,
I ) E 2rim~n-k)/n (5

0, n k

invert (52) to find

N-1
f F -2 irimn/Nfn=  Fm (56)

n NAXE M
m=0

Thus, choosing As = 1/NAx, the transform pair becomes

N-i

Fm = Ax f n e-,rimn/N

n=o

N-1

fn "s F E:-21imn/N (AXAS = (58)

m=0

where, with N/2L > 2B, F represents F(s) for O<S <2B (Sm = nAs) and f reDre-
m m- n

sents f(x) for 0<xnk2L (x n = nAx).

The transform pair fn and Fm are now in a form usable by the Fast

Fourier Transform (FFT). The FFT evaluates the sum

N-i

Ar :2k -2firk/N (59)

k-O
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Following Higgins (Ref.- 9), this sum can be split into two sums (choosing the

+ sign in the exponent):

N-i N-I

Ar Xke irirk/N +  kr-17irk/N (60)

k=O ka0
(keven) (kodd)

Let

N

k 0, 1, 3, S, 2 " (61)

then

N~.-

Ar 2rir2k/N 27rir(2k-l)/:] (62)

k=O

Letting

N

B r _ k 47rirk/N (63)gr y 7e (63

k=O

and
N

Cr 1 k 41rirk /N  (64)

9. Wiggins, R.J., "Fast Fourier Transform: An Introduction With Some
Minicomputer Experiments," AJP, 44, 1976.
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A can be written
r

Ar = Br + Cre 7ir/N (65)

Define

21ri/NW n  e(66)

Then,

A = Br + C r (W n)r (67)

By letting r - r + N/2:

(r + Br - r (6r)

Therefore, AT can be evaluated by doing two sums, each containing N/2 terms.

However, these sums need to be performed for only half the r's IT< 2  since

Ar + N/2 is found using the two sums used in the evaluation of A . By

initially forcing N to be a power of two by completing the array to be

transformed with zeros, continue to divide each successful sum into two,

until a "sum" is reduced to just one number, taking care to note that N

changes with each division. When using the FFT, care must be taken to scale

the output correctly since the FFT evaluates only sums of the form

N-I

Ar 2E xn ±21rinr/N (69)

n=0

and as can be seen from Equations (58) the Fourier Transforms contain Ax or

As: If only forward then backward transforming is done, it is sufficient to

divide the final answer by N for each dimension as is indicated by the last

part of Equation (58).
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Note that when the data are returned from the FFT the first data point

is either the x - 0 or the s - 0 point. To see the actual frequency space

pictures, assume a two-dimensional case. An isointensity printer plot of FFT

output in frequency space might look like that shoun in Figure 22.

29

43

1 2B

0 28

Pigure 22. Example of isointensity printer olot of FFT
output in frequency space.

To see the -B to +B version, the adjacent cells shown in Figure 23 must

be added to Figure 22.

The subroutine FOURT computer printouts follow.

(-8, B) (B,-B)
r -t

Figure -23. -B to +B version of isointensity printer plot
of FFT output in frequency space.
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SUBROUTINE FOURT 76/176 OPTal FIN 4.6+452 04/27/79 12.23.47

SUdNUTLNE FUUt (UAIA9NAR*,,%N9IblbN) FUNJTZ

C THE CU0Lt.Y-TUKEY FAbf FUUoNL TRANSFUNM IN USASiL tAbIC fUNkTNAN IbUURT
C TRANSFONtiloid.t UStIC1....1vti N*LbuTI FUNT 1
C *.111rfI1.1.)r48..t, SUMLkU VON ALL. IUUNT 6
C .519 &L4 W§LraE4 I AmU NN(li. J99 K4 BETWEEN I ANO NN~di, k.IC. fUUNT 7
C r"t.Nc ib No Limitr To r.t N0145tif OF bUwbCWlI.'Tb uATA 1S A PUUNT 6
C MULTIUIMNSIUMAL CUM*'LEA ANNAY WHOSE. REtAL ANt) LMAOINANY FUqNt 4
C PANTS AOL. AO..ACkNT IN srUNA~t, SUCH Ab F(JNTNAN IV I'LACk.S THE"* e.ouNT to
c IF ALL LMAtiINARY OANt5 ARE. sk.Q LUATA AWt. O~bQULbt0 WEAL)* batf FUNT L1
c tFO.RM TO ZEWU TO CUT IHt OUNNINO TIME BY UP Tu FORTY PECE.NT** iuuN 12
C UJH"ftW1SEP AFOWM A #I. THE LE.NGTHtS OF ALL D1MENbLUNIO AWL. FUR[ 13
C SruRE0 D45 ARRAY N, Of LtNttl" N4SLN. THEY MAY dt ANY POSITIVE. PUURT 14
C fitmSt rMO THE PNOGNAM NvUNS FA*Ttv ON COMPOSITE INTLitif~e, *AN FOUNT lb
C t.SPEC1ALLY FAST UN Numft.Nb NICH IN FACIOWS OF TWO. ISIWFI lb *I FUNJT 10

*C ON -* IF A -1 TNANSFUMM lb iVLLOWLU By A '1 ONE (ON A 01 FOUNT If
C BY A -1) THt. UNIINAL WAA Nt.APtAW9 AULILI't. BY NrIT taNvell)' PURT to
C FN~*.) TNANSFORM VALUt.b AWL. ALWAYS COMPLEA, ANO AWt. Nt.UNNCD iOUHT 19
C INt ARNAY OArAv NEPLACINO lit INPUT. IN AOUITLON9 IF ALL FOUNT 40
C WmvEmbtONS, AWE. NUT PtJWENS OF TWO* ANNAY *OkK MUST 6k. SUPPLIEU9 FOUot i
C COMPLEA OF LEtiTm EQUJAL TO THEt LANftt MUM ZOOK DIMENSION. PUNT 2
C UTitENdISt, WtVILACE, wOWsA WY Lt.NO IN THEt CALLING SEQUENCE. FOuNT 4
C NONMAL FuNTHAN UATA UNOEImbt LS t.A~i'CTEO P 1145 SUSCRIPT VANYIN6 FUUR d
C FASTE.ST. ALL bUWSbCNIPT3 UWN~i' AT ONE*. IOUN i

LEVEL et UAIA FOUNT 26
OLMEWbION OATA(NANJ.NNtZ~wLFALrSid.owNm~ioSuI FUNT a7
NuImuld FOUNT AM

*IFOPNS.I 0 OUR T 29
.131.00 FOUNT JO
uWal .00 l.oumr 31
wSTP~ol.00 UNmT 31 4
WIDTP18I.UO FOUNT 33
rwuspIA6,d0JIdbJU f FOUNT J4

I~tOIM1)9Uv..IFOUNT 35
I NTturn FOuRT. J6

00 2 IUIMBIONU1M FOUNT 37
IF (NN (IU114 ) 9OUN 94.3o'6umt i

i NTvTTCIOIfONN( 0Lr41 FUuT 39
Nl4131 UN~t 40
U0 910 LUIEtaINOLM FUUNt 41
NANWtlINL) FOUWT 4i!
Npaump*4 *OT .3
IF 14-1)94009uot!D FUUT %4

5 NUN 0OURT 45
NI*UaFPI FOUNt 40
Vaul POURNT r 47
lIV=4 FOUNT 46

10 LiuOru41UlV FouNT 49
IIEN-IU~v*LOUOI fuNT so
IF I UOT-IIv) b0,Il,1 11uN USIr b

11 If IINIml40 Ildio FOUNT t 1
Ii a Nraus r(1..lrw oUUNT 53

AsIIJUOT FOUNT 54
GO TO 14 FOUNT v

go IUIvej P;OUNT t0
.3( 1 wuoOT aM/1Iv ON I57gut b

ZNemaqU-IulvoIQuur FOUNT so
IF IUOT-.Jv~U.SJ FUNMT l

31 IFI~tWv.'40,Jdv4u I-OUNT 00
id IFACTIIF)*aLlv OUNT 61

IF*IF*) I.UN Vu I b

lwOvUIr P v.Q FT 63
00 TO 30 PluNTl bs

CM0 TO 10 FUT 6
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ii CAStalFOR

£F(UIM-£* 7199J,9u FOUNT l

73 ICASkEaJ FOUNT 16
IF (fw0-mp) o) '94 14 PUNT

Nrwoomrwua F4JURh?

14 FUNiT 8

oArA(J):UATAM1 FOUNT 63
so IaIo 0 PU4JT 06
90 1 '4em 1 FOUNT 6

'~ 1G8P0(£*tP~vjj)FOUNT d
RNAMU*f *pw vd)FOUNT 69

100 tpT~Q1xwi ,0g/2 FOUNeT 90
-jut FOUNT 9
(JO 150 Ua1,Npz.Nuea FUNTu93
IF(JUL) IZo, jjo,l~g FOUNT 94

120 11MAASaU.NON4-2 FUNT 9s
DO 125 L£IL2IIMAAZ FUNT 9

JJJ*3-2FUUQT 96

TEMONSUuAIA (I4) FOUNT 96

UATAE L3) SuArA(JJ; F'OUNT 10
DATA (1.51) u0ATA 4,jj*l FOUNT 101
0A) A JJ) utEM"R 9FUURT 103

ldb OA r A ( j3 * i a E PL FUNT 104
144) 4IA&-q QLb,4 FUNT lob

14ti J9.j-M OUT
mmeFOUNT 107

T F iN-NO me b, 14 0 # 1 0 FOUNT 109
Ibii ..J*.IA FOUNT I09

N0142txNON2*mOme FOUNT II

WAIUN;wuajFOUNT 112
31u IUA-)jL.~u4u FOUNT £1J
3,20 Ip.Awus£iDA/l. tuM? 11

GO TO 310 FouMI 1

.i3u 0O Jou IlvL.l£N'I,.e FOUM1 11
00 340 JlURJ4,NIUr,*Oe.' ~m1 T
QUJ 340 F~IU~~id UR £19t

VQ29L N04iFOUNT 119

TI"MP L4A tA 4%,* ) FOUNT

OAT AO a.) UTA(P £) -jrfk~q P URT 192

OAfA4W1buOATAcKI) rtf4pM FOUNT lib
344) DAfA A IK* ) 00A T A~££. PUAI K * I1*40
Jbu MR4ASaNONd 0o~ OU T 1?

36#j IF (140AA-WZPIIF13jIo 900 o,.o F4Juld lie
70 L4A A AU (NUN 2 f9 Pq&A F OU TJN L29

.560 r~tTA::fOPIFLUAf 4)NZ,,,.A44.pq#AA, ?4JUMT £3

39U ft S£NE fT AI FOU N? 1 335
wMISN(TEwbow FOUNT 1.56
WSIP182.0woutw PuuRr £3?

4G 0 7 uNtlAAMfd FOUNT £36
145LFOUNT £49
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410 wud~wmwkN4NI4v1 FOUNT 41
wi432.wlow FOUnt 442

d3N~~N~N-W I w Ifount 143
sJ4W2N~1u~IWNFOUNT L444

4bau DO 530 11191Lt4U, FOUNT 145

00 9a3 APANOWNdv~v FOUNT 47

IF IMAAf4U2J 36143U440FOUNT 148
430 RP41N*.j3 Foumt 149
440 9(OFmLPAW*MMAA FOUNT ISO
650 9(STC.u4*"O4F FOUNT Ibw

00 Sa0 K(1a9M4F4.NTOT,9(5TF' FOUAt 152
K9wL*#4'90IF 0OUNt 153
K3=(ZOiIIF fouiNT 154

9(4.9(3*KUIF Fount 455
IF (NMAA-M40r4?460940041900 FOUNT Ib6

064j uIH60ATA(KW*U.A1A(.d) FOUNT is?
uIL8OATAI(1.1) UATAIK2.1) FOUNT 156
U4WSOA1K3)0OATA(K4) FOUNT 19
W4IvUATA4K3*L2 .OA1A(K4.1) fount 160
UJIWuOATA69IKI-OA tA 4(2) Fount 161
U3LUOATA(K1*1) -UA1A1IKd#L) Foun? 1*2
IF (ISIGNI 47,45.1 FUb/e# tOUNT 163

470 u4HuOATA1K301)-UAFA(K4#1) Oupr L4
u4IOAA(4)OAA(j)FOUNT LOS

4TO o p4 FOCS1t i6
#4.1) u4&A8UArA(K4..4) UA1A(IAJ. ) F ouN1 1*7

U4.IUUATA4(J)-UArA(IK4) FOUNT 4*0
530 TO 510J FUt i69

4Ou raN. x~W*OUAA(e-we1*UAIA1N%,*1) FOUwt 400
raiawdN*UATA(92.4i.dL*U*IA4Ag) POUNT 171
T3NWGot*)ATAIPk3)-u4OOATA(KJ.A) FOUNT 172

TJlmwwUAtAtPJ1.w1 UArA(rJ) I.OUw1 113
r4oNWJiRUArA(iK4)-ij4*UAAii%4..4 POUNT 1146
,4U*WJNOUAIAI(K41)*iJ4lAIAIA4) ,'uuwt 1,5

UI~wUATAft4) .rje FUDME 116
04 jut)ArI94.4) *T4I FOUNT it?

JUdIfJN.14L HUM 119

OJH8VATAKL)-i2w FOUNT AOU
UJ111UArAc(9(. Al-ftL IOUNT IGI

4VU L4NUTJLII' FOuur 183
041*r4N-IJN PFUNMT L04
kiu Tu tA FOUNT ids

500 O'.NUI4I-(31 FUUt 1G*
U4ASIzN- 64N FUNT AG?

t1U 0ATA49A)wULA*'U FOUNT ids

UATA(K2) UUJN'U4W vouNT 190
OYATA2#.IJJIU4I FUNT 191
0ATA(9J)wUUINUdM UNmt IV;!
OAIAI9(3*L)mUAI-u4l FOUNT 193
UAIA C1i4)NUUJNU4w F OUNTr 194

b-dU UA(A(1%44)=UJI-J4I FUNTr 49b
XM 1 wo 0( A14 1N-J3) *JJ 0 OUN4T 196
9(04F.9STt.p Fount 197
IFiKU(OF-ftPD* SU.SJU.SJO FOUNT 19b

130 CONIN Lt. Poumr 199

MUMAAIFOUNT idol

wide-TIRNW FUN0T 903
MN-. 4p FOUNT *0.3

t uo I Tt'4w FOUNT 906

#*LFOUNT 205

b6U I F (04-t.&A I 126b bet I Fount ifU9
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FOUNT d13
ANaAU&MMAA #M*A FOUNT d14

G0 O toQ 36N f ut 115
boo IF (NTWu0'd)iad.3. /ut I u Fuumr 41
bob I F 0 1 mmuN IOUN 217

IFUt FOUNT ilia
NI'PPI NP#L~ / IO 'UN T d9

6 1o ol VO'u~'L/ IFAcC ( F) FOUNT dao
FOUNT 221

IF ~AJ~k2b~1O2I-OUNT 222
LIi j1MN4A CNja* F0 I I/e POUMT adi

jT *riamw/ F ACT (IF) FUUNT U

U LN4* Jd O w /i FOUNT 225

b IF DO bFlJ 2)6 b~. Fount 227

Tp~pTA*-r.OPIOf-L.)Ar W-l) /L.UAI tNNd) FOUNT e29
IF I S 100 6.d 9ON 64 2J0vu Oi

Dieu Toitt~eaks-rmETA iOuuw dil
6aib SINTNmLN(TmtrA2.) FOUNT i!JZ

WbTISNE~~~-OUN *bI.d~f ~u~ .j
wb fP 185N 1 N t TA) PlUUNT dJlb

ope- rwuN VU i
wulwbPLFOUNT 4 46

J 1141mj 2 0 1 la[ FOUNT lei
00 bJb JIUJIMINJ('ib.IFP'I FuuN d.id
IlMAAsJl*IL)4NG-d 0;U~wt 439
O0 bju 1ks.jklt1,AA02 F vuNlT .6
00 Diu liJ3I1NTOrtmaj~ FuuT dok
JJMAA 2I J 0 tF P-NOP I OUNT j42
00 6JO J~s13vJJMAA,.-Ml FOUNT Z43
TMN.4UOA FA .j3) PUUNT j!4
UArA(JJI80ArA(JJowo4-uOA(..jJ.L).uk FOUNT a'b

bju UATACIJJ.L~totL4N*1.0ATA(J4.1)*wNk FOUNT i!1*
TEmPpemww f- IUNT Ae*7
*M*w*W#fPW-u I*wSTRl~wN itOUN T 2160

bib w AAAl01**1 o FOUNT ef#9
(340 TMETAR-NOUFLUAT([F ACT (UI P UUNT Ibo

I F C ISI S N t 6&396! ouNT 25 1
64b T Mr A - TME T A P oUTr d,32
bbo SINTN.SIN(1MLTA/2.) FUNT Zb3

WV P94-2 .*01NTHOSINT, F OUNT 12!2
wsrpIUSIN'( TmETA) FOUNT ass
KSTEPu2*4 [FACT C F) FOUNT 2136
I(NANG~KS(EP*(IFAcrc1FI/2ej # FOUNT 2!17
00 (28 ILuI~llNi,2 FOUNT aba
00 690 WalIl.NTOls.N02 FOUNT lb9
00 690 K1INtl .ANAN09iKbTEP gOuNT 260
JlMAAIJ*JNNMi-Lf~I FOUNT jab
00 080 JlwIJ,,JIMAA9IFPl o*ouNT 202
JJMAABJL 1I1FPZ-fto I FOUNT ;!6j
00 680 .JJJlJLJJMAA9MPI FOUNT it04
JlNAA8OJi FPjIFP2 fOUut 266
p(UI11N*Cj3-,jl4(j1.LJ)/IFACI(L.))/41limF FOU~t it"
IF II14M-10*65965%.b FOUNT 207

65% swondu. 0QuitT 264
SUNIAOf. POUNT 269
00 660 Jdu-J39.J2NrAA*LF~d FOUNT arc
SUMNdUMW*0A TA(.ja) POUNT it r

boo S~e4IwUbOMI*QATA(j2.L) FOUNT Z22
WONK (K) siumN FOUNT 4d l
WwNfC*IjsvpM1 FOUNT Z74
Go To 68(0 Fount Zib

b0ob N~E2N.MN FOUNT 270
j23,JgNAX OUNT air
suO4RuA rA tjaC FOUNt 478
SON418OATA CJi*I) FOUNT 279
OLOINUO. 01OUR T its
ULUSISO. I. uitt 281

J2UJ2IN2FOUNT 262
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670 TLMPWUSUNN FOUNT 263
yLMPUSVHpq FOUNT 4
SUM~m(WOWO4@SOMW.OLLJSNUA TA Jd) FOUNMT 255
SUNIaTWOWN*SUMI-OUbl0*1ATA i44*i FOU~t 206
ULL)SNU TEMPm 0 FUN1T ao 1
(JLUS~xTEMJ1 PuT ide

"=J-IW2 . UR T 459
P.OUNT d9I

b ib T~r4munOHSuMNw-LU~ei4JA IA (Jd) Fouler e9i
TEMPIUwl*Su4A l*UUNT d29
WUMA ~(K a r L(400-l1Emp I FOUNT dv4
,.WO~t(AOj a urT mkoT e1 FOUNT a94
T~.mP~ubw.S41-LL I OAIA FOUNT 296

iON(I~1) TtM'N.T~N'1FOUNT 4dpy

*do CUNT I MJ POWN d99
* IF IMI-6o6dhFUNT 400

bob w~u6sTpw*1. p OURT j01
w wb TO' 1uN 0 .t ua

06 TEHF'wmwo eUURT 304

b9U TWwuwR'wN PouNT 307
IF IICASE-3) 49691 p092 F uUT 406

691 1IF (I F PI-NPid) 69b 9694 96 9e FOUNT .su9
69d Ki~U F-Utie 31

00 643 Id2IJ9IgMAAsN~I FOUNT 312
DArA(C121 2WONR fl FUNWT 313
OArAtia12.) maUOif.(K. ) FOUsNT 314

b93 iK.t.2 FOUNT ils
W0 TO 6yd FOUMI 316

69b J3MAA4I3*Ft..NPL. FUT L1
00 697 .14813q.13$AAql* 8 1 0OUNt 316

J2M~u~.3.P2-J26~IFOUR! 319
00 697 usjtjZmAA,.JdSTI' FOUNT 3d0
J1NAAuJa*J 1N6-IFp2 FOUNT J321
JLCNJJ.34eAAj25TI'-.J2 FOUNT 322
00 691 JI=JJMAX9IFF2 FOU~t J23
KOLOJI13 PuUwt 3ieb
UATA(tJ11mW0Nfk(l) FOUNT jab
DA1A(.J1.1) WUWA~(itajI FuuT 326

IF II-e Eo7.v7.~eF~UNT 427
69b OArA(.JICNJ)u.ONK(1%) FUN0T 326

OATA(JICNJ.13 3-WUWKtIKtl) FOUNT 349
69? JlCNjiaoICN..-IFP2 FOURT 3.30
696 CON4TImuE FOUNT 3.31

IFnIF9* FOUNT 342
IFf&1zlFPa FOUNT 333

IF(IFI"1-4PIP IUJIO6t OUR T 334
100 GO TV (40.6oU.90?Ul)ILAht POUNt 33b
701 NMALFSM FUvN 444

NAMN 0 OURNT 337
THETA&-Tw0N1/FLOAT (NI Fuumt 330
IF1ISLGW 04. 70d. lid FOUNT 339

102 t,4E7Am-rmefA FOUNT 360
703 SINT~wSIr4ITmTA/4.) FO~UN 341

wSTPNU..2.*SINTIIOSINt.1 FOUNT 342
w fP 125 1N 4T mt.T A FOUNT 443

IMLNmi FOUuN J6
JmINue*NmALF -1 POUNT 34?
W0 TO 72b FOUNT 346

710 J*-J4LN FOUNT J49
UO ?do I2IM1NvNtUTqfvi2 FOUNT 3bo
SOMleiIUAfA(1) .OAfA(J)/d. FOUNT 451
S104Iw(UAfA(I#I)*OA1A(J.1U)/e. FOUNT 352
JLFNUOGA1A(I)-UATA.JI 1/d. ),OURT I 463
DIP I=(UAIA(I#I)-UA1A(,.J)/,. FOUNT J54
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ThPLmwISUMl-wN*JIFN FUuT 6
0ArA 4£) uiUMWfEN MID FOUNT 467
uArA*4LijCOifitt4NL IuNwT 366

UA IAW ) ULF 1 rtMI01 FOUNT 460
7eu ,jmj@NI2 FOUNT 401

1f4INOLMLN.d FuuT 368
J14LNSJMIN-2 F~uNI 363
TEMNwwW F~UUt 404

u~u~44I~t-L*W111 *wNFOUNT 65
w~a~mV*WTVI*L~bfW~w IOuwr 366

725 IF 14IN-im I fl 719730#740 FOUNT 367
73U IFUISLGw)13i.4u.140 Fuwr 368
744 00 73* ILeLN96009Thftp 0OUAT 369
?35 0ATA(I0I)S-OATAtI.) ITOUR I Jig
? 40 NUNgafdI', FOUNT 471

NtUTUNTUI #f4TUT FO~UNT J/2
JNINTOT*L fOUNT 313

£qaAONTO 1/2*1 liOUNT 314
745 IUMiNO1MAA-24,4ALP FOUNTY its

£ILN 0,OUR T 370
04) TO 7bb FOUNT it?
1)ATA(j#I)vUATA4 £.l) FOUNTr 319

765 18*, FOUNT 380
FOUNT 481

IF 41-LMAA) 1"*I.1609 76 FOUNTr 382
7611 OATAI(flUATA(IF4N)-UAlA(IMLN.U) FUUT jai

DArA(~j.1J 0. l'oUMT J44
IF(1-,J)flU~ltsO.~U FUUT 486

76b UArA(J)XUATAFI) I.U~r Jiob
UATA(J1)UATA(jL) FOUpt jai

17u !.L-d FUNT Jo6
inI- UuNT 389

IF II-IMIN) 17?.1,7 o ft FOUNT 390
f~b OATA(,J)*UATA(1r41N)'IJATACImIN.L) FoUuN 491

UATA(.J*1) 0. FOUNT 392
IMA~aUIN FOUNT J93
GO TO 1'.z FOUNT 494

lpju 041*4 HUIJAIACI) .ATAC2) FouNT 496
VAI £ )8. FOURT 390
I.0 To 3uo FUNT 391

d0og I1NNJ.'4J, FOUNT .398
tu IJU dftd LJu!.Nrur.N~e F~UNT 399

L2MAAU I *NI'4-"N FOURT *400
00 '14, U1e.3.eMAA0,40PL POUMI AU!
1r41'IUL8*&41r4a I OUUA T fb Q2
LPA~um(Z*l-d IUldf *u
j#4A Xad * I j*NP I- Me'IN IOUNI (606
IF4 I2-lJ)deu~d4V~dkU POuNT f#)6

dlu iMAA..jNAA*Mwd IOURT *06
Ra2u PFZIU)60616UFUNT 44)?
Sig) J=JMAA*'IVO FOUNT 400

00 4940 ASU41N.IMAAP4 FOUNT 409
UATAI 1) OA7A(J) FOUNT 410

0Af4i1.4) n-0AfAlJ-Ll FOUNT 411

664) 4 JJIAA FOUNT 4t3
00 d46) Im1M1N.4FAA9NPJ FOUNT 644
UATACI)UATAIJ) POURT 416
UArA(1.k)x-OArA(j.4) OWN( 416

a61j .jai-mogN4 FOUNT 4117
900 NPUSNPI FOUNT 416

NpIUNV8 FOUt 419
044) NOPEv SMu FOUNT -bag
4#21 CUt4T I rw F oust r 4d I

Pectui FOUNT 422
ENO IOUNRT 4813
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11. SUBROUTINE FUHS

a. Purpose -- Subroutine FUHS is used to calculate the phase change

due to heat release as the molecules in the lower laser level decay to the

ground state, assuming supersonic flow and that the heat release has a dis-

turbing effect (not major) on the flow. Figure 24 shows the subroutine FUHS

flow chart.

b. Relevant formalism -- The equations used are based on those by

Biblarz and Fuhs, (Ref. 10), and by Fuhs (Ref. 11).

Initially, it is assumed that the continuity, momentum, and energy equa-

tions for steady flow with heat addition are valid:

Continuity: 7 (pu) 0 (70)

Momentum: P- + 7 = 0 (71)
Dt P

Energy: 7. u(h + .2.. q (72)

These are linearized, assuming

= ,A A,
+ p' P = P. - P u = 1 (Uu') + v (73)

resulting in

Continuity: P u + pU + Uou x  (X y (74)

u -Lu ; etc (75)
8x

P'. Uu, + Pr

Momentum: P. ::+;-I (76)

10. Biblarz, 0. and Fuhs, A. E., "Laser Cavity Density Changes with Kinetics
of Energy Release," AIAA Journal, 12, p. 1083, August 1974.

11. Fuhs, A. E., "Quaside Area Rule for Heat Addition in Transonic and Super-
sonic Flight Regimes," AFAPL-TR-72-10, Air Force Propulsion Laboratory,
WPAFB, Ohio, 1972.
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PARAMETCRS POP

96--s".-
FUMS 26 -am UPDATE

MMETP)L BOUNOAR' VALUES ;VMHS go

~ E ~ rUHS 33

1 IFLMS 99 0-
PERF,3RM THE'%-EGRAL I UNFOLD
TU sF.%U THE WAKE FOR JCUHS 39 -- Im SVIOMETRIC F'ELD FUMS 101~NAj*T~AL NEICS jFUHS 53I

rUHS 105-dw"UHS 108

ESTABLISH CONSTANTS ',IEt:E: iN "'JHS 55 -- P ; N "H TOJTAL JENSIrv U.4AN E
THE INTEGRATION ALONG 7HE NR
CHARACTERISTICS AND TH~E -m'S 6~C C

SIDEWALL CONTRIBuriONS AA K E

ALU~f, -E ANE

,,lA -%CE~qir,(S a~u TE ;U S 11 0FUHS 1 22

CAkl1jr1 -EAr RE-.EASE -wa jm p 2~

CAW'F .E AKF 7 -5

F.,L riHE STREN6T-. ,f rHE FUHS 76
CHARACTERISTIC WAVES rUHS 95

A

Figure 24. Subroutine FUllS organization.
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Energy: -.-.. q (77)

The solution is then found by using the potential for the flow as done

by Tsien and Bieloch, (Ref. 12), resulting in the following equations for a

heat source q in supersonic heat addition

u" = - (-f-1) 6 (x-8y) (78)
27pe

vI = X v .) (79 )

, (y- 3l)qM (80)

S=a a (x-ay)

P (7-1)qM 4 (x-8y) -1)q6()IX)8)
a'U 6s3 (y) 1 (x) (81)

2a36

where

x By Defines a Mach line (82)

M 1 (83)

a = U/M Speed of sound 
(84)

() 1, x>O (85)0 x , X<O0

For volume heat addition q * dq = h(x,y)dxdy, and the effect of all sources

are added; for example,

U' Yf (x,y) dxdy 6 (x-By) (86)

.L-i2.Ihsx=By) sin Mds (87)
! 2yp0l ,A

12. Tsien, H. E. and Milton Beilock, "Heat Source in a Uniform Flow," Journal

of the Aeronautical Sciences, December 1949, p. 746.
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I

where the integral is taken along a streamline (x = By) and sinu = I/M. S is

related to x and y by

S = x cosu S = y sinu

The equation for density change is therefore,

(1 ji h (x, y)1 (y- ) I (x- )] (88)

The first term is due to heat addition along a streamline while the second is

due to the wake in the energy release region. "Heat addition in a supersonic

stream causes compression waves which radiate from the heat release region.

The waves reflect from the cavity walls. Downstream of the heat release

region is a wake. Whereas the compression waves increase gas density the wake

decreases gas density" (Ref. 12).

The heat release (h(x,y) for a laser can be written:

x

h(x,y) c f Ul X1,y)E - (x-x')iUT dx' (89)

xNEP

where T is the time constant for the depopulation of the lower laser level.

If the depopulation were instantaneous (T - 0) then the heat release would

be proportional to the intensity since for every molecule emitting a photon,

that same molecule gives off a quantum of heat. It has been shown (Ref. 12)

that the above equation for the heat release can be used in all regions of

the far cavity with only small error.

The constant C can be found by conservation of energy. Consider the

following three-level molecule shown in Figure 25.
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Jj2

El

Eo

Figure 25. Three-level molecule.

The quantum efficiency n is defined as the ratio of the power out divided by

the power in, so for the gain/phase segment under consideration

(No. molecules) (E2-El) P (90)(No. molecules) (E2 -E )  5H A-

where

e H = (No. molecules) (E1 -EO)

The above expression can be inverted to give

with

AP =ffdxdy' 
x 

(Y)

and AH zffdxiy' h (x',) 
(91)

Assume, for this calculation, that (0,0) is at the corner of the sidewall and

the N£P. Then,

&H = cz J dy f dx f LI (',y),(xx)/UTdx

-cz fody f dx I (x-x) I(x',y)E (xx)/UTdx'  (92)
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where, recall

I(x.) f :x>x'

so

AH c~zfdy(fdxAI(xy)f dxI(x-x) -(x-4)/UT

30

-cAZJ dy] dxI(x~y)J dx~-X" /UT (93)

0 0 0

L Z dyx'L I 'x ,y) (-T)(94)

cUTAzAP

so

l . = ~~H = cUTAz

or

Since the numerical kinetics return the conditions of the wake region and not

the heat addition, these must be the data used. Thus, for the analytical

kinetics model, find the heat addition to the wake:
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I1

x ' x X ( . 1) U

f ffW(x,y) j'd~h(x',y) = c f dx' dx"MI(x,y)c

. f -(-x'/UT
= C f dxI(x-',) d I(x') (xy)

so

W(xy)= c dx' aI (x",y) UT( x-x' -)/UT (98)
a

so, recalling

C = nn an (,y) 2 PPD from SIMPGC (99)

wake energy addition becomes

W(x,y) 2 1 ( L f PPD (x',y) (-E- (100)

Now that both numerical and analytical models can give the wake integrated

heat addition, the Fuhs effect is calculated in the following manner:

x (I)

H(IJ) h(xy) dx )(x()0

Given this average heat release function, the integral along a characteristic

can be performed. Note that reflection off the sidewalls must be included, as
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can be seen in Figure 26. The contribution due to reflection at P is there-
fore found by finding the total heat released along the characteristic that

reflects at P,, then adding this to that found along P2P .

(Note: For larger Mach angles (>tan -(llay/2Ax)), the effective number of

points in the direction is multiplied by a factor of KS in the program so

that only information in two mesh rectangles is needed to find heat addition

at the wall, i.e., extrapolation from the two nearest the sidewall, as can

be seen from the following more detailed description of how the left and

right characteristic terms are found.) Assume KS a 1 and that the Mach angle

is less than tan-I (Dy/2Dx). This is assumed in the program by changing the

total effective number of x coordinates to be KS*NPTS.

T. vv V,- V YvV7 V v77 vNEP

P
2

Figure 26. Average heat release function.
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Consider first the left characteristic term for the (I,J) point in

Figure 27:

ax

P
* 0 0 -1

12 I- I

Figure 27. Left characteristic value.

The left characteristic value at (I,J) is that at P (found by a linear inter-

polation between the (I-l,J) and (I-l,J-l) points) plus the heat released in

the region, again using a linear intervolation for H at (I-I,J) and (1-1,J-l.

Now consider a 'oundary point shown in Figure 28:

* 0 @3

* 0 o2

1-2 I-1 1

Figure 28. Boundary point.

To find the characteristic value at (I,1) it is necessary to know the value

at point P which is in the (1,1) column on the sidewall. The value will then
be a linear interpolation between the values at (I-1,1) and P plus a similar

linear interpolation for the added heat.
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To find the characteristic value at point P, the values at (1-2,2)

and (1-2,1) are extrapolated linearly toward the boundary to find the value

at point Q. Heat is then added, again by linear extrapolation.

Note that this detailed analysis at the boundary assumes that the char-

acteristic of interest lies between the boundary at (I-1) and the (1-1,1)

point, hence the necessity of the restriction that DYR = DYCH/DY be less than

O.S.

Analysis of the right characteristic is similar to that of the left

characteristic.

The phase shift is found using the Gladstone-Dale relation.

n : I + Co (102)

The phase change Aj is

21 = n z o (103)

This is then added to that of the unloaded density field to establish the

total phase change at the gain/phase segment.

c. Fortran

Argument List

wake for numerical kinetics )
.IC 1 1 l-nfor analytical kinetics

AZ r

DEN = phase change returned due to the FUMS effect

NCV - cavity number

Commons Changes - none

3ubroutines called - none

Computer printouts of subroutine FUHS follow.
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SUBROUTINE FUHS 76/176 OPT-1 FIN 4.6+452 04/27/79 12.23.47

C FUmS LFPFI.Ct ALijWINUN Puns .3
C THILS "OqI(Nt CALCULAfL! Imt cuNTRIIdU1IuN TO THE CAVL1Y uLNSry FUMS 4
C FLL.L OWL~ TOJ ST14ULATLU EML5!)UN INUUCE0 M~EAT AuomTuNo P umSb

LLVLd is ZIC9UEN9AC PONS ft

d Near'youtwo 3S4AL4(90119ATN(S(tkAib)*MUStbo FUNSa

#1 U14OS 10

b AV64b), 0NSYM Ons LI
OImImtiION ZICI I ).Ok4 ( L IN(umIN(9s), e lUiS
EtT1e(A~d9C) aA4C*(dAJ PUNS 13
CALL CPU1I4LS4r) FUMS 14

C *CALCULAr. LNILA6 cot45TAmIb IFUMS
U a VEL(MCv) FUNS L6
604A a 6AM(NCV) PUfNS I?
AMA 0 AI4ACNINCV, Puns LB
WHOt a R"N(NlV PUNS 19
A 2U /XMA PUNs d
AAI A (%,A-L.0I/(A***U*4t) FuNS d
lMu4A (NCV) FUMS Z
Je~uNY (NCV) IONMS 3
OUAC (NCV)/L INm d4N
DY*YC11qCv) /JM PUNS is5
IF (ISVN.E..) (jO TO 44* IONmS 26
UO 44 .JM94. UMS 287
00 4*.2 JaxJ4 PUNS 4.9

19. a IjLS Puns 30
13 a I JM -(lOIM Puns 31
ZICU.3)=zLICCa) PFtS 32

4* OEr4(1IJaOEN(L4) f;UNJS
4*4 TAMMUaI . / SUJNI ( AMA **Z-1 0 PUNS 3-6

ACH 2 ((aA-.0)*AA/l2.*A*JOSUfAA*4-..0*W'IUY FUNS 35
IPN'.jru~tcvi tOU. 1) ou1 IUi'l ouns 36
baelm-1 FUMS .37
ALAGaOAd'(U/d~fA(NCV)) Puns is
UV Is JAI*jM FUNS J9
U0 14 IU&ULlu FUnS 40
1 aLMv#1-14) PUNS 41
NaL I UNS b2
Suma.j. PONS 43
UU 13 IL22Ls FUNS 4
NaNq- 1 PUNS 45
4 x (L-NIOXLAG PUNS 46
8 a 0. PUNS 4?
IF(w.uT.4.1 ou TO 142 PUNS 4#8
6 a L.0/-AP(W) PUNS 49

La CUON TI NJ gums so
13 SUM a SUf4.ZLCCN*(J-1)0IM 101-O UHS 51
14 LIC(1.IJ-001NIUMOUA FUNS 94d

Z1(.J-)lIa iJ*s ION
Lb C014TLU I tON uS 54b
11 00 6 RPa&iu1 PUNS 55

K.SAK IONS 56
0YCMUUAO IANNU/FLOA I IF.5 FONS 67

IFPY i14.LT. 0.!3 40 Tu f IIms5
Iw ag) I CM/C IUMS 61

(OYN YI FahuntS 64e

1ACML J. 1)aO tns 0?
CHEI(.51a0. FtU1S 64

CMW*ALaU * PUNS to
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DU 2UU IsdoZ4 7US1
C **CUMPuIE MEAT WELtAStO AT I-t PU3S 12

UU 210 j8*J4 Puns 13
* IIZ a 1..J1)M US lob

e10 nI~.333ZIC(IL )-ZIC(IL-1 13/UA IU1S 1lb

C *'COMP~UTE bTRkNGTMq VF CMARAC3tNibr1C WAVb 01UN5 r6
UQ U KA~g F UNS 77
Du bU Jsl.J4 FuVMS re

C LEFT .3UNNINOi WAVE 3i$I5 79
~u~-jFUeiS 80

IF44 K1. 1) Go Nu du~q 181 #
C *4 ATOIAPOLATE Fi.m MEAT RLEkbtUo U14. bUUNUA04Y PIUNT PUSd

CNL1,~aNTptML(.1,C1LALUY~)..11ID(g23Mg3.CL TPIS 83
GU TO 30 Punes

C *00 INTF.MIOLArE FOW VALUE Puns :5

C *0 47 WUNIZb WAVC UmS or
JO jNU.jo1 PUMS as

IP(,J N14. J,41 C) TU 40 FUelS 89
*'* EATRAPOLArE FONe MEAT IIELEAzotU* UbE t1QUhUASIY POINT7 Funls9

CMM1NJ*2)*tTXP(C"~N1.~'.LU(tPHL.(J3~L PUNS 91
SU TO Se) DIUpS, 9

C .. INTENI'OLArt Fu(m VALE~u FUNS 93
40 ~ UMS 94

*0 CONT4INUE I-Uee 95
C *** UPUATk dUUNUAMY 3UlNtr PUNS 9

CNLA~aNTH~(C~t.i)CNN1,1.S~3..*'M(2,nF),n3s 9US 7
C~l48~aCT~(CNClCLC13,C..NT~tN1)M(NI~CD3 UMS 98

UU hoe .jsttJm 3FUMS 99
CNN (.3.1) CHM CJo.) I.rn ~ UO

fS0 CNL(J*1)xCML(-Itd) PUesS 11
C wAITEC6.043 1,h)CN11,M(L1.NaL0NA UlS 102
C 63 FuwmAr(IAo1bssG1e*5i PUMS 10j

LOO0 CUIirINuE ullS 1014
C *** Gtf MuAL QLNbLTY CMANOIE Puns 10b

Ou 110 Jei...r #-VlS 106
1.3 a I * 1J1)0*1 PUVsS jLO

110 ANt" I-J)3ACN*(LN'$4J.13.CNL(J9l3))AWAF.S1C( hJ) PUMS 1038
200 CUNeTINUC ti-llS 1(39

C UO SU '(31,8 iWIs 110
C wWE(bos0i) DumlS III
C b01 F.JNIAT(1"1H P VNS 112
C 1LxUL6*('-L) PUNS 110
C TUsLL-11 FUllS 114
C 130 4U9 Ju),.J" FunS 11

C ou2 wojrtftodJ3 4UEN(I,.J3.IEIL.IU) FUNS 116
C aU3 FIk*A(1LA*1b14W..J)) FUmS III
3: aut C uNt4U Pui UnS 118

.IuCL a*.lu(CVf4tev 0,uMb £19
Jr 2 jM*J. FUN8 Ida
U')' Pu J8L,.jt 0 uS 191
0E%(I J ) a .eUCL*Uk.N( J F UMS Liz

IU CN cutte OUllS 143
CALL CIOUtVEN(1P11N P tns 12'.
1AL 12 4 LSMr- 10 1N? / 1uu Puns 125

dN~Te(bI78) DELF PUNS 140
77 HFMATQM011J3LS ANALYSIS ruur. o012.b g4pe bICUNDS OF CPU 11MC,//13 *UMS, Ley
I4tTUHN I.UmS 190
ENU PUllS 149

12. SUBROUTINE GAINXY

a. Purpose -- GAINXY controls the gain calculations in the cavity.

Figure 29 shows the Subroutine GAINXY flow chart. Either small signal gain

(along one stream tube) or full-field-loaded gain is selected. From input

cavity conditions (including vibrational temperatures of the constituents at
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nozzle exit plane), all other thermodynamic parameters, energy levels,

broadened line-width function, gain, optical cross section, and saturation

intensity at a single point are given. Subroutine KINET is called to inte-

grate the rate equations along the X-direction (streamtube). This is done

only once for small signal gain. When loaded gain is selected the entire

field is calculated and gain is updated by local intensity one step in the Z

(propagation) direction. The loaded gain is hence a numerical (small step-

wise integrated) process. This updated gain and intensity field is used to

SOQ.

The single stream tube small signal gain is used in subroutine SIMPGG

which computes a closed form solution of the full field loaded gain.

Subroutine MIX is called by subroutine GAINXY to calculate the transi-

tion rates.

A ratio technique is employed to effect calculation of the gain field

for 9.27 ulasing. This is triggered by GFACT = 1 for 10.60 u; GFACT = I for

9.27 u.

b. Relevant formalism -- The option for small signal gain only or

full-field loaded numerical gain is determined by UFTELD = 1 for small signed

gain and IFIELD = 1 for numerical gain.

For small signal gain only, the gain is computed first at the nozzle

exit plane and then computed along the flow direction by integrating the

rate equations in subroutine KINET.

The particular initial thermodynamic conditions, rotational J values

(P or R branch), and initial vibrational temperatures are brought in through

common/CAV2/. Then, for a particular vibration-rotation transition, the gain

coefficient is given by:

vj 3E 27 K g V J ~ (104)
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CALCULATE OPTICALCROSS-SECTION, GAINXY. 88. 89

GFACT SETS RATIO

OR 
9.27m (GAINXY. 241

CALCULATE
SATURATION GIX.9-e

IVTNIY LROPI.21

INITIALIZE CONSTANTS I
THERMODYNAMIC

MODE FRACTIONS,
P-3 BRANCH, ETC CALL KINET TO

EQUATIONS FOR GAINXY 98. 99
FULL FIELD GAIN

COMPTE OHERAND INTENSITY

7HERMO PARAMETERS.
eq MW. T. Cc, ETC GAINXY. 42-6.4

AND
OTHER PARAMETERS

CALL MIX GANY11X
TO COMPUTE GAINXY.65 CALCULATE LOADED

TRANSITION RATES GAIN THROUGH
.2 IN PROPAGATIO INDEX AND LOAD

exiGN 2)TUBE) Of SMALL GAINXY. 101-1 14

COMPUTE INITIAL
ENERGIES AND .GAINXY.69- 15

PARTITION FUNCTIONS

CALCU LATE 
ANY12

LINEWIDTH GAIN XY.77- 84

CALCULATE FIRST
GAIN POINT GAINXY.85- 87

Figure 29. Subroutine GAINXY flow chart.
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Where,

h = Planck's constant = 6.625 x 10 - erg

M = Mass of CO2 molecule = 44 x 1.66 x 10
-24 gM2

K = Boltzmann's constant = 1.38 x 10-16 erg/K

J + I for J' = J + 1 (P-branch)
5j=

J for J' = J - 1 (R-branch)

Fj l+D v,v,m where M = - (J4l) P-branch

M = J R-branch

R , = Vibrational matrix element for transition

= lineshape factor

e erfc ( )

=ap a = pressure-broadened half-width= (in 2) -,

ad, ad = Doppler-broadened half-width

a = .n
P 2wc X i -co2  i-co2SPECIES

V (2KTMln2)
d 0-

n = total gas number density

c = speed of light = 3 x 1010 cm/s

x.= mole fraction of the ith species

V = mean velocity between CO. and ith species
I-C017

M = reduced mass of i-CO pair
i-CO 2  2

a i-CO 2 = optical broadening cross-section

Vo = frequency of transition (v,j) v', j')
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2J+l -J(J+l) (v) (10s)

vJ vJ v Q(v) KT 'rot
rot

where,

(v) T
rot = (v)

rot

/J(J4l) (V)
N = Nv exp J ) rot
gVJ 1v M

rot

N
gv = N exp (-6 /T
gv 000 (-BIT

a = Characteristic temperature of stateV

T = Vibrational temperature of statev

The saturation intensity is calculated:

hvB - (106)
SAT

,wiiere,

hv = photon energy

B * lower laser level relaxation rate

a z optical cross-section of the transition

Where Rc2 is the EOVO transition rate - (1/s), all the initial energies

of the vibration levels are comnuted before entering subroutine KINET.

Xco *2349EOOVI = X°

ihc*2349

Ic10
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r7

EOVOI = co2 *2349

hc*667
KT -

x
EVOOI = co *2349

hc*1388

KT1

EN2I = XN2*2331hc-*2331 1(107)

KTXN 2

Where Xco2 and XN2 are mole fractions of CO2 and N2, and Ti, T2, TN2

are vibrational temperatures. These vibrational temperatures and levels are

shown schematically in Figure 30.

Gain is computed as a function of x by calling "KINET."

When the loaded numerical gain option is triggered (IFIELD) 1), the

full field (in X and Y) gain is calculated in KINET as a function of previous

intensities and the field is updated when returned to GAINXY by propagating

each local intensity through a AZ, with local gain GAN(I). The gain is thus

recomputed for each point G(J) = eG(J)
" AZ

Argument List

XIC intensity array of propagation field

GAN gain array of propagation field

NCV cavity indicator

IFIELD trigger for small signal gain (= 1) for full field

loaded gain ( 1)

Comons Modified

/START/

TSI static temperature (K)

PSI static pressure (atm)

VI gas velocity (cm/s)
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000
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zi ma
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EOOVI Initial Energy (OOV level)

EOVOI Initial Energy (OVO level)

EN21 Initial Energy N2 vibrational level

GAINI INITIAL GAIN

/PROPT/

TS static temperature (K)

PS static pressure (atm)

V gas velocity (cm/s)

RHO gas density (g/cm )

RHON number density (cm
- 3

CP specific heat @ constant pressure

Gk,.MA ratio of specific heats

R gas constant of mixture

B (ln 2) (3.78 x 10 6

XLAM4B wavelength (X)

HNU energy of photon of wavelength XLAIMB

CPRM parameter to get Doppler broadened line width

ratio

/MOLES/

XN2 mole fraction (N2)

XC02 mole fraction (CO2)

)20 mole fraction (H20)

XCO mole fraction (CO)

X02 mole fraction (0.)

/RATE/

RSTIM stimulated transition rate (s- I

/FACTOR/

.1 molecular weight of gas mixture
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t"v o. coe .

z3 (31 ~ 00 0

00 Q m A00
_j0 . ~ ~ JJ- 00

00 tD

..i.. 
rnN

I -4w -, -to'U 
1.6

N 2 0 000 00
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AG Avogadro's number

GCON gain correction factor

ROTUP upper rotational level (K)

ROTLO lower rotational level (K)

RCORR correction factor for optical x-section

C speed of light (cm/s)

SUBROUTINE GAINXY 76/176 OPT=l FIN 4.6.452 04/27/79 12.23.47

SUbWOWr[IE 1bALNAY(AIC96~AN9,4CVIFILL) tjA1NA 2
C. NIUMEWLCAL GAL14 HOUTLNt tjAINAY 3
C ImiS HOUIUNt CALCULArL5:1. bMALL b214~AL (,AIN FUM VSL IN bLMP(, (2AINAY 4
C d. NUMEMIICAL LUAUEU 4AIN GjAINAY 5
C taALNAY 6

L 10IEFLU a I 1-UN W4ALL bIU..AL (PAIN UNLY GjAINAY I
c IGAINAY is

LLvCI. 29 AIC.GANAC (jAINAV 9
COMMUN/jIAM/T5I.Iv1,vlEOuV1,EUVU[,tuUi.tNi1 .aAlNI t2AINAY 10
CUMMUN /GjFACTM/ GFACTQ1 LNUP1 13
COMMUNrOOT/ TS'v 9 059V9M GV O9qMA#W9dsA ~ N OM(AINAY L1
CUMMUN/MULS/A.,ACU. AMdU.ALUAUi GjAINAY 12
CUN4WIENEiW6.4tke OL V VU G O AINAY 13
CUMMON/wArE/,NINCJ.4C2,NPuM1 KsbIL GYAINAY 146
COMMON/ACCNA,AGCUOMIaNU~iUTLuNCIHN.C 1AINAY is

i! *eGTYmPl01 S56ALN(1909.i),SAIIN(')LTA')IMOS(53, IGAINAY 17
3 vIIGs5,Mc().v1~Ti~,v~m~vd5~s~cI AINAY 18
4 b'C V4.~C(IFSUI)UC(hF2~ AINAY 19
5 rITLh(2UI.AVGtb),NSYM GjAINlY 20
OIMENSION AICI I I .GAN( L P GAINAY 41
CALL CPUrIMPIsR;) iGALNAY 42
VzInTSCAV ENCV) GPAINAY 2
wLJ-AcrUI LNP4PI 14
IF (GFACT.NE.1.) WLFACT 8 IV.6/9.07 LAUP1 Is

SLUPIN 2.a QAINAY is
C * & *6 06 060 0&60 6 b00 6*0 ~* *k Ok 0& 0% Ok 5AINlY 20

PSI SPSCAV (NCV) 4AINAY 27
VIBVtLINCV) AANAY do
Pd~m~gIN (NCV) bAINlY 29
AN98FM2 (N*CV) 6AINAY 30
ICO1OFCUI INCV) GAINAY 31
IMij08UMIU (14CV) 4AINlY 42
ICOuVCO(NCv) IWAILMY 33
A04 UIUUI(fCVJ fAINP.Y 34
11 nrVINCV) AINlY 35
T2 StVe(NCV) (GAINAY 36

r3213(CV #AINAY 37

TS a 151 4AIMlY 39
WS a PSIj GjAINY 40
V aVI IGAINlY 41
NO a 6.311E/ GjAINAY 4it

C (20ACT MOUIFILS GAIN LNUP1 16
t2CON *.0I-4*V'j*fFACfINL.V) LMUP1 17
M"utuI' 4 8&)~8.b AINlY 49A
NUrLU a 40IoIP.0 ALNlY 45
AGU x .Q11UJ GAINlY 40
XN4J a XN4*ACO 0AINAY 47
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I~F AC~J*LWUPI L9

"4COOa 0604~* ANk I1./.0J)*AcOud .99dANmu/ 5ALNAY 49

SL14 8 14o.144JPN1 5

WCUWN 5L4MA*WCU"o4*.Ib~t/ (JALNAY Wl
C aJ.t1Q vAINAV 123
a %P@J~U.Jd. AINAY fb

Ma 0.deg jAANAV 5b
ALAMO a b LAINAY t16
04U a *C/ALA#4t 4,ALNAY ~1
CI'W. A CON*CLAW.NbR1(b jANAY ~
14 a v40/XMwJ jAINXY 540
UAMMA 8 7 wApNAY 00
43.9 a pS1"&#TS01.uijkLb bjAINAY 61
4bAM(MCV)24iANNA (AINAY 62
AMACN(NCW9 aVk/Si4T (6AMMA0N*I1l (ALNAY 63

CALL MIA ftAINXY 65
dE1AEICV)uWC2 MiANAY 66
e*NQN a RNG0.#XNOVL. lWASIAY 61
Cp a 3.5*'40 *(AN2*AL.U9*A~dO. .*A"ti) tALNAY ba
LilOVI a AC~~~t.4*J'.g) IIAINAY 09
EuvOla AU*I4/ R$ .J'61/2~ (bAINAY 10
EV0GI a ACU9*IJO.(AP(.4J*J8.Tl)-L.) (,AINAY 71
El4Z1 a AINAY 72

(~La £/41~A~109./14, AINAY 13
Q4~ a L.1.1A19Q/9j4 AINAY 14
QJ a I./(Io-tXPI-33dU./TJfl IiAINAV Is
A0OOO a ACJ2/(QI*Q4*QJ) jAINAY 16

C CAL.CULATE LINL~WUN 4iALtAY r?
AIPAO M CPRM*I9N iALNAY 78
wUNI4 a *8Jj0APAO UAINAY 79
IF(WUNM..1U*) (it) TO 40 4ALNAY 80
0"lJ S IWiUMO)~$CIUM ALNAY al
GO TO41 GAINAY fie

40 Vt"j a 0.6774g.AIA (jALNAY 04
41 CONT L1UE ANY 8

TFACT a fS**4-1.5) 0ALNAY as
GAIN a GCNFArRUOUUPL(b*A(38.r-OU/5 (PAINAY 86

A -. 56Itt-Iv7./TI-OrLU'r5)) LsAiNAY 8?
C UPTICAL CJ4OSS StC71UN WINAY do

816SIG a bCNt~rpicp-uu/s*tb AINAY 89
C SAIUOAtIUN INtENSLtY 9bAINAY 90

SATIN(NCV) UNNUO*MC/LbIb,'.tj UAINAY 401
IF (NG1YI'INCV)okQoQ) SAiLN(NCV)z5Ar1N(NCV) SLUV1N 5AINAY 92
SAtLN(NCVJ a IA(LN(NCV) * OLFACT LNUPI 9
,4STIM a 0.0 biALNAY 93
GAINI a 041N bAINXY 94
IAMAAuNA INCVI (jAINAY 95
IY=NY(NCV)/(NSYM#I) IhALNAY 96
UACAVSXC INCV) / IAMAA bALNXY 97

C cALCuALrE 4AIN AS A FUNCTION UF A %AINAY 96
CALL AINITiAlCojANlAAA.UACAV.1P1&LU#1Y) (BAINAY 1
IFIVIELU) oft* 1) 10 TO Vag 4AINAY 1go

C INITIALIZE SMALL SIONAL C1AIN fhALNAY 101
00 300 1 N 19IAMAA 16AINAY i01

JiG. SSGAIN(!,NCV)mabAN(Z3 GALNAY 1Uj
bAlT"ONATININCV)3/1000. bAINAY I#*
WNITE(6.400) GAM4(NCV9.~tAM(NV)#NUSNCV)8fANCVISAT1NK 4AINAY 195

100 FONNAI4VN"UNtSULTS FROM 44ftfI~CS DIL.A/IABMbvAMMA a *j1E.b94AokSMMA %ALNAY 10S
ACM N&JNOIR a o6I2.5,4A9L~lUtN'3ITY a ,9412.4,4A97N8ETA a *jjo.5 bAINAY 107
A 4AOHSArLN 9 94ld.bjf//dtA9*(1dM ANVOP bO 4ANEP)l IA INX Y 108

UV 0 lul UILAMAA (aAINAY illy
GAIiLIXENAAIXIUO*bSOAlNi1.NCVI 4ALNXY 110

101 GAN4 I )aId*1.1I*UACAV/2. (jALNAY ILL
vIuE411i1bIU) WAN( I IsOAN1611AMAA) ,LI91,AMAA) jzALNAY 1l4d

wu TO 9ad bhAINAY Ili
Iul FOH"Arf4d(&bA98Fo.J/fl WAINAY It%



i!

C CALCULArk L4O0U (4MN fWAANAY 1kb
900 UELT&A4M(NC,)/N5MCW)/, tPAINAY 1l1

IJur a 1AMAA*IY AIMNAY I1I

UQ 401 J219MUT WANAY 118
901 ChANt J )8EAPIGAN( J )OUELIAL) (AINAY 119
I8k I UWN 0ALNAY L U

ENU fiALNAY 191

13. SUBROUTINE GDL

a. Purpose -- Subroutine GDL is the main driver program for resonator

and optical train calculations. It is here that the information about each

resonator element is stored, as well as the order in which they are applied

to the beam. Figure 31 shows the Subroutine GDL organization.

b. Formalism -- Subroutine GDL controls the iterative procedure of

starting with a given field established in the main program (SOQ) and propa-

gates this field through the resonator. Eventually, the mode which loses the

least power (in the case of a bare resonator) or gains the most power (in the

case of a loaded resonator) will predominate since the other modes will be
suppressed due to relative power loss. For the degenerate case when two or

more modes are competing for the status of lowest loss mode, the field will

usually fail to converge to a single mode shape, since there is no unique

mode for that eigenvalue.

c. Fortran -- To accomplish the above, GDL contains several fundamental

arrays. One is the singly dimensioned CU array in which the field is stored.

For a given point (x(I), x(J)) the field value is stored in the complex loca-

tion.

CU (I + (J-1) * NPTS)

Common /MELT/ contains CU as well as the work array CFIL, the coordinate

array x, the location of the optical axis (DRX and DRY), and the iteration

number NITER. This common is shared by most of the routines in the deck. The

other major arrays are the ABC array, the IGDL array, and the GNOT array.

During the first iteration of a particular run, GDL reads input from unit IN

in the form of namelists and titles. The order of resonator elements to be

met by the beam is controlled by the order in which the SCONTRL cards are

read. These contain the IFLOW parameters which designate specific elements,

as follows:
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NAMELIST/CONTROL/IFLOW, SNOTE, IPLOTS

IFLOW CONTROLS THE FLOW OF CALCULATIONS THROUGH GDL

- 1 CAVITY ELEMENT, READS CAVTYI, CAVTY2.

(from CAVITY)

= 2 MIRROR ELEMENT, READS MIROR

- 3 VAMP ELEMENT, READS PROPGT

= 4 APERTURE ELEMENT, READS APTUR

5 THERMAL BLOOMING, READS BLOOM

= 6 INTERPOLATE FIELD OVER SMALLER AREA, READS CUTOUT

- 7 TEST FOR CONVERGENCE OF ITERATION, NO INPUT

= 8 PLOT FIELD DISTRIBUTION, READS TITLE

= 9 RETURN CONTROL TO CALLING PROGRAM, NO INPUT

- 0 READ AND/OR WRITE CU ON DISK, READS DISKIT

11 AERO WINDOW R..S. PHASE M 0DEL. MO INPUT

12 SCALING ROUTINE .MULTIPLIES ENTIRE FIELD,

READS MULT

- 13 FLIPS THE FIELD ABOUT THE y-AXIS, NO INPUT

- 14 SINUSOIDAL DENSITY VARIATIONS, READS SINDEN

- iS REGRIDS FIELD TO LARGER SIZE, READS REGRID

- 16 CU PUNCHED ON CARDS, NO INPUT

= 17 MIRROR THERMAL BL MODEL, READS THRML

- 18 SPIDER ROUTINE, READS SPIDR

19 AXION ROUTINE, READS AXICON

= 20 PROPAGATE IN R-THETA SPACE, READS RPROP

: 1 REMOVES OR ADDS BACK BEAM CENTER, READS CENTER

- 22 FLIPS THE BEAM ABOUT THE x-AXIS, NO INPUT

IPLOTS is the printer plot selector. IPLOTS=ABCDE, where AuI selects R-theta

plots, B-1 selects iso-intensity plot, C-1 selects x-axis plot, D-1 selects

diagonal plot, and E-1 selects y-axis plot: examnle, IPLOTS = 1001 selects
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iso-intensity and y-axis plots in x-y coordinates. The order of IFLOW numbers

for a given resonator is then stored in the IGDL array for future iterations.

In the same manner the associated titles are stored in the GNOT array.

Usually for a given IFLOW there is another associated namelist contain-

ing relevant element parameters. Once read in, these numbers are stored in

ABC (I,J,K) where I indicates the parameter for the J the element of type K.

The number (J) of the element is stored in common ZIP, which is equivalenced

to the ICAVZ array. At the beginning of each iteration most of ICAVZ is

filled with zeros so that the center index of the ABC array is correctly

identified. At the end of each iteration, the current field is compared with

that of the previous iteration in two ways: (1) the cutout and interoolated

feedback field is compared and (2) the full field just before the hole-coup-

ling mirror is compared. When the differences between two consecutive itera-

tions fall within given tolerances (10% for the feedback field, 2% for the

hole-coupler field and 0.7% for the power at the output of the resonator),

the field is said to have converged, i.e., the lowest loss mode has been

selected. A more detailed description of the meaning of each IFLOW, its func-

tion, and its associated namelist, if any, follows:

IFLOW = 1 (GDL. 422- GDL.446)

A GDL cavity is applied to the field. NEWCAV is calculated to see if the

beam has been in the cavity before. The namelist used in CAVTY1.

CALLS CAVITY.

NAMELIST/CAVTY1/NCAVNO, ILR, NSTE, NPLT, ZPROPI, ZPROPO

NCAVNO IS THE NUMBER ASSIGNED TO CAVITY FOR IDENTIFICATION

ILR INDICATES DIRECTION OF FIELD THROUGH CAVITY

* -1 RIGHT TO LEFT

+ .1 LEFT TO RIGHT

NSTE CONTROLS TYPE OF VAMP CODE BETWEEN SEGMENTS

- 1 CONSTANT MESH WITH SETUP

2 VARIABLE MESH WITH SETUP (EXITS VAMP AT END OF

ELEMENT)

2 3 VARIABLE MESH WITH SETUP (REMAINS IN VAMP)
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= 4 USE EXISTING PROPAGATING MATRIX (EXITS VAMP)

- S USE EXISTING PROPAGATING MATRIX (REMAINS IN VAMP)

NPLT CONTROLS INTERMEDIATE PRINTOUT FOR CAVITY

- 0 NO PRINTOUT

= 1 PRINT FIELD BEFORE AND AFTER GAIN, AND GAIN COEFFICIENT

ZPROPI IS PROPAGATION DISTANCE FROM PREVIOUS OPTICAL ELEMENT TO CAVITY.

ZPROPO IS PROPAGATION DISTANCE FROM CAVITY TO NEXT OPTICAL ELEMENT

IFLOW = 2 (GDL.S27-GDL.SS8)

Here the parameters necessary for application of a mirror are set up.

The namelist read is MIROR. CALLS MIRROR

NAMELIST/MIROR/.ANGXX, ANGYY, RADC, DIAOUT, DIAIN, XMPOS, YMPOS, RIMIR,

X DELIA, DISTF, DOUTY, DINY, RAINULS, PHIAST

ANGXX IS TILT IN x-DIRECTION - RADIANS (WRT OPT. AXIS)

.NGYY IS TILT IN y-DIRECTION - RADI.NS (WRT OPT. AXIS)

RADC IS RADIUS OF CURVATURE OF SPHERICAL MIRROR

DIAOUT IS OUTSIDE DIAMETER OF MIRROR

DIAIN IS INSIDE DIAMETER OF MIRROR

XMPOS IS X-DISPLACEMENT OF MIRROR FROM OPTICAL AXIS

YMPOS IS Y-DISPLACEMENT OF MIRROR FROM OPTICAL AXIS

RMIR IS REFLECTIVITY OF MIRROR

DELTA IS CENTER-TO-EDGE DISTORTION FACTOR (CM)

DISTF IS MIRROR DISTORTION FACTOR (DEFLECTION=DISTF*I*

(1.O-RMIR))

RANULS IS OUTSIDE RADIUS OF ANNULAR BEAM (IF APPLICABLE)

DOUTY FLAGS THE TYPE OF APERTURE APPLIED -

.EQ. 0 - CIRCULAR APERTURE DEFINED AS ABOVE

.NE. 0 - RECTANGULAR APERTURE, DIAOUT HIGH (X) BY

DOUTY WIDE (Y)
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DINY IS SIMILAR TO DDUTY FOR INSIDE DIMENSIONS

PHIAST IS THE ANGLE OF INCIDENCE OF THE BEA.M IN DEGREES

IFLOW = 3 (GDL.S78-NGDL.612)

For this IFLOW, a propagation step is applied. Relevant parameters are

found in namelist PROCGT. CALLS STEP.

NAMELIST/PROPGT/DELZ, RDCURV, WINDOX, WINDOK, IIFG, IITR, lIPS

DELZ IS PROPAGATION DISTANCE

RDCURV IS RADIUS OF CURVATURE OF PHASE FRONT

IF (ABS (RDCURV) .LT.O.S) USE RADCUR OF PREVIOUS

MIRROR

WINDOX IS X-SPACE DATA WINDOW FOR FFT

WINDOK IS K-SPACE DATA WINDOW FOR FFT

IIFG IS A VAMP CONTROL PALAaMETER

= 1 FOR CONSTANT MESH

= 2 FOR VARIABLE MESH

I ITR IS ANOTHER VAMP CONTROL PARAMETER

= 0 NO INVERSE TRANSFORM

1 I INVERSE TRANSFORM BACK TO REAL SPACE

IPS IS FOR CORRECTION OF PLANE AND SPHERICAL PHASE

FRONTS

- 0 NO CORRECTION

- I PtANAR CORRECTION ONLY

- 2 QUADRATIC CORRECTION ONLY (NOT OPERATIONAL)

= 3 BOTH

IFLOW = 4 (GDL.613--GDL.631)

Here an aperture is applied. IF DOUT and DIN are both less than 0,

SLIVER is called. If both are greater than or equal to zero, APRTR is called.

The relevant namelist is APTUR.

120



AflAJ03 285 UMITED TECHMOLOGIES CORP WEST PALM BEACM FLA FIG 20/5
SYSTEM OPTICAL QUALITY USERS GUIDE. PART 2. (U)
MAR G0 .J L FORGNAM, S S TOWNSEND F29601-77-C-0025

UMCLASSIFIED AFWL-TR-9-11-PT-2 ML

fl* **fflf NEIf
EohhohohEEEEEI
mEEEohmhhEEmhE
mohEohEEmhhEEE
mohhohmhhohmhI
mmmhhmhhhlo



NAMELIST/APTUR/DOUT, DIN, XPOS, YPOS, YOUT, YIN

DOUT IS OUTSIDE DIAMETER OF APERTURE

DIN IS INSIDE DIAMETER OF APERTURE

XPOS IS x-DISPLACEMENT OF APERTURE FROM OPTICAL AXIS

YPOS IS y-DISPLACEMENT OF APERTURE FROM OPTICAL AXIS

YOUT FLAGS THE TYPE OF APERTURE APPLIED -

.EQ.0 - CIRCULAR APERTURE DEFINED AS ABOVE

.NE.O - RECTANGULAR APERTURE, DOUT HIGH (X) BY

YOUT WIDE (Y)

YIN IS SIMILAR TO YOUT FOR INSIDE DIMENSIONS

IFLOW = S (GDL.632-*GDL.652)

Thermal Blooming is applied to the complex field. BLOOM is read in and

subroutine 'PLr', is called.

NAMELIST/BLOOM/ALFA, SCP, T, RHO, ZLEN, NSTEPS, INPT, NPROP, AXIAL, DT

AFLA = MEDIUM ABSORPTION COEFFICIENT, CM1

SCP = MEDIUM SPECIFIC HEAT, J/GI-DEG K

T = MEDIUM TEMPERATURE, DEG K

RHO = MEDIUM DENSITY, GM/CM3 (OR TRANSVERSE VEL.

IF .GT.1.)

ZLEN = MEDIUM THICKNESS ALONG OPTICAL AXIS

NPROP = PROPAGATION PARAMETER. .SAME AS NSTE IN

CAVITY

NSTEPS = NUMBER OF ELEMENTS IN SUBSYSTEM, .GE. 1

INPT .NE.O FOR INTERMEDIATE FIELD PLOTS

AXIAL = AXIAL VELOCITY (CM/SEC) IF .GT. 0, USES

AXIAL BLOOMING

DT BEAM ON TIME FOR THERMAL BOUNDARY LAYER

GROWTH IN TRANSIENT BLOOMING CALCS. IF

DT.GT.0 USES TRANSIENT BLOOMING

IFLOW - 6 (GDL.6S3-'GDL.779)
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For this option the field can be cut out and interpolated from one

region size to another. The number of points is not changed. If CUSMF is not

equal to zero, the field-averaged feedback field is stored on unit 8 and the

convergence checks are made on the feedback field and the pre-HCM field which

is stored on unit 7 temporarily. The field for the bare-resonator is renor-

ralized at this point to unit maximum intensity. Namelist CUTOUT has the
information for the new region in it as well as other parameters.

"MAMELIST/CUTOUT/DIBEAM, OVRLAP, DXXR, DYYR, MAXIT, AVCUSM, CUSMF

CUSMF = 1. FOR NORMAL LOADED RESONATOR CUTOUT

CUSMF = 0. AVOIDS WRITING FIELD ON 8 AIND AVOIDS NORMALIZ-

ING FIELD, CHANGES TO THE NEW COORDINATES,

THEN RETURNS.

DIBEAM IS THE DIAMETER OF BEAM FOR NEXT ITERATION

OVRLAP IS DCALC = OVRLAP*DIBEAM

DXXR IS POSITION OF ITERATIVE BEA! REL. TO OPTICAL AXIS

DYYR IS THE SAME

MAXIT IS THE MAXIMUM NUMBER OF ITERATIONS

AVCUSM AVERAGES PREVIOUS AND NEXT ITERATION GUESS IN THE

HOPE OF RAPID CONVERGENCE ... =0 NO AVE, = .5 HALF AND HALF

IFLOW = 7 (GDL.795-'GDL.842)

There is no namelist associated with this option. The convergence check

on the power is made here. If the solution has not yet converged, the gain/

phase information is updated by a call to REGAIN, then the resonator is re-

started for the next pass.

IFLOW = 8 (GDL.500GDL.S13)

If the parameter plot is non-zero in namelist START in SOQ, this IFLOW
will generate printer plots by a call to IPLOT. Namelist PLOT is read.

NAMELIST/PLOT/TITLE RADPLT

TITLE IDENTIFIES THE POSITION OF EACH STATION PLOTTED

RADPLT CONTROLS THE TYPE OF PLOT

= 0.0 FOR X,Y PLOTTING (X-AXIS, Y-AXIS, DIAGONAL)
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S1.0 FOR RADIAL PLOTTING AT VARIOUS THETAS

IFLOW - 9

This IFLOW only results in the return to the main program, SOQ.

IFLOW = 10 (GDL.447- GDL.475)

This option allows the field to be read in from or read to a specific

unit in standard SOQ format. It calls no peripheral subroutines and reads the

unit designation from namelist DISKIT.

N-AMELIST/DISKIT/IREAD, IWRITE, IORD, IADD

IREAD IS THE DISK # TO BE READ OFF/ON... IF=0.. .DON'T

READ

IWRITE IS THE DISK # TO BE WRITTEN ON... =0:..DON'T WRITE

IORD IS THE ORDER = 1, READ FIRST

=-l, WRITE FIRST

IADD = 1 UPDATES IWRITE BY 1 FOR SUCCESSIVE ITERATIONS

IFLOW = 11 (GDL.476-GDL.482)

This option applies an aerodynamic window to the complex field. It reads

no namelist and calls AEROW to perform the calculation.

IFLOW = 12 (GDL.483-GDL.499)

The field can be scaled using this option. At the same time the x array

can also be magnified. No subroutines are called and -.ULT is read.

NAME LIST/M ULT/TRANS, XMAG

TRANS IS TRANSMISSION OF ELEMENT

XCt'G IS MAGNIFICATION FACTOR FOP THE X-ARRAY

IFLOW = 13 (GDL.SI4-oGDL.526)

This option flips the field about its y-axis. No namelists are read

and no subroutine called.

.2 IFLOW a 14 (GDL.408-oGDL.421)
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I
This option irposes a sinusoidal density (phase) variation to the exist-

ing complex field. It calls no subroutines, but it reads SINDEN for informa-

tion on the sine wave.

NAMELIST/SINDEN/NBEAM, AWL

NBEAM IS THE NUMBER OF CYCLES PER X-CALCULATED REGION

AWL IS THE AMP/WL OF THE SINUSOIDAL VARIATIONS

IFLOW = 15 (GDL.780-GDL.793)

The field can have superimposed on it a different number of mesh points.

The spacing between two adjacent points does not change unless RGRD is called.

Just the number of points in the mesh changes. If the number of points is

increased, RGRD adds zeros to the outside of the existing region. This option

reads namelist REGRID

NAMELIST/REGRID/NGRD

NGRD IS NO. OF FIELD POINTS ACROSS REGRIDDED DCAL

IFLOW = 16 (GDL.390-GDL.406)

In this IFLOW, no subroutine is called and no input is read. The field

and coordinates are written format to TAPE 4 in cards to be punched.

IFLOW = 17 (GDL.559-GDL.557)

Quiescent thermal gradients are imposed by this option. Namelist THRML

is read and subroutine THERML is called.

NA-1ELIST/THRML/ALPHAM, CONMIR, ALPHAG, RHOGAS, TAU, TIN, REFMIR, CONGAS

THRML IS THE NAMELIST FOR BOUNDARY LAYER THERMAL LENS

CALCULATIONS

ALPHAM a MIRROR DIFFUSIVITY (CM2/SEC)

CONMIR = MIRROR THERMAL CONDUCTIVITY (WATTS/CM-SEC)

ALPHAG = THERMAL DIFFUSIVITY OF GAS HEATED BY MIRROR

(CM2/SEC)
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CONGAS = THERMAL CONDUCTIVITY OF GAS HEATED BY MIRROR

(WATT/CM-SEC)

RHOGAS = DENSITY OF GAS HEATED BY MIRROR (GM/CC)

TAU = BEAM ON TIME FOR BOUNDARY LAYER GROWTH (SEC)

TIN a INITIAL TEMPERATURE OF GAS & MIRROR (DEG K)

REFMIR x MIRROR REFLECTIVITY (OBTAINED FROM MIRROR

INPUT)

THER1AL MAY BE APPLIED AFTER ANY MIRROR TO ALTER THE GAIN-

PHASE DUE TO HEATING OF THE QUIESCENT BOUNDARY LAYER

ADJACENT TO THE MIRROR SURFACE.

IFLOW = 18 (GDL.378-GDL.389)

With IFLOW = 18, a spider obscuration can be applied, Subroutine SPIDEP

is called using the information read in with namelist SPIP!.

NAMELIST/SPIDR/NSPD, WIDTH, THETA, XSPC, YSPC, DIH

NSPD = NUMBER OF STRUTS IN SPIDER (MAX-6)

WIDTH = WIDTH OF SPOKES IN SPIDER

THETA = ANGLE OF INDIVIDUAL SPOKES OF SPIDER

XSPC = x-LOCATION OF CENTER OF SPIDER

YSPC = y-LOCATION OF CENTER OF SPIDER

DIH = HUB DIAMETER

IFLOW a 19 (GDL.366-oGDL.377)

This option allows for the application of an axicon. Subroutine AXICV

is called after namelist AXICON is read.

NAMELIST/AXICON/CAPR, EXPAND, ROC, DISP, TILT

CAPR IS THE OUTSIDE RADIUS OF THE ANNULAR EXTRACTION BEAM.

(EXPAND.EQ. .TRUE.) MEANS THE BEAM IS GOING FROM CIRCULAR

TO ANNULAR IN CROSS-SECTION

ROC , RADIUS OF CURVATURE OF THE FIELD IN PHYSICAL

SPACE
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DISP = DISPLACEMENT OF AXICON FROM CENTER ALONG

X-AXIS

TILT = ANGLE (RADIANS) OF AXICON TILT FROM DIRECTION

OF PROP.

IFLOW = 20 (GDL.347-,GDL.365)

This option propagates an unrolled annulus. After reading in namelist

RPROP, it then calls subroutines RSTEP to perform the propagation and POWR

to determine the power after propagation.

NA %ELIST/RPROP/DELZR, DELZTH, WINDOX, WINDOK

DELZTH IS PROPAGATION DISTANCE FOR THE RADIAL COORDINATE

DELZTH IS PROPAGATION DISTANCE FOR THE ANGULAR COORDINATE
.**(DELZR .NE. DELZTH) MEANS YOU ARE MAKING AN

EQUIVALENT COLLIMATED BEAM PROPAGATION STEP

IN R-THETA COORDINATES***

WINDOX IS X-SPACE DATA WINDOW FOR FIT

WINDOK IS K-SPACE DATA WINDOW FOR FFT

IFLOW = 21 (GDL.329-GDL.346)

This option allows for the removal of the center of the beam which is

then stored on unit 20, or it can allow for the addition of a field read from

unit 20 modified by a phase change. This work is all done in subroutine

FIELDS using the information read in from namelist CENTER

NAMELIST/CENTER/DSM, REMOVE, PHIARB

DSM IS THE DIAMETER TO BE REMOVED AND LATER ADDED TO THE

MAIN BEAM

REMOVE FLAGS THE ACTION

.TRUE. IF THE CENTER PORTION OF THE BEAM IS TO BE REMOVED

.FALSE. IF THE REMOVED PORTION IS TO BE ADDED BACK TO THE
I BEAM

PHIARB IS AN ARBITRARY PHASE CHANGE ADDED TO THE CENTRAL

PORTION
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IFLOW = 22 (SOQ77CYI.169-SOQ77CYl.181)

This option flips the field about the x-axis. No input is required and

no subroutines are called.

Argument List

IN - INPUT UNIT FOR RESONATOR DATA

RESTRT - NEW OR OLD RESONATOR?

ABC - PARAMETER ARRAY

NITER - CURRENT ITERATION

IB - INPUT UNIT # OF OLD FIELD

IFLAG -= 1 TRANSFERS TO OLD ENTRY POINT - READS FIELD FROM IB/

CONTINUES.

ABC and NITER can be redefined by this subroutine.

Common Variables Modified:

The common variable not modified by GDL are:

WL, NPTS, NPY, RADCUR, WNOW and NREG. Note that NBC is modified by its

equivalence with IGDL and IDIR.

SUBROUTINE GDL 76/176 OPT=I FIN 4.6.452 04/27/79 12.23.47

SU.deUUrIft OtuLcLf40ILS~lToAuC.'v1Tgt.Lu.FLAG) (iUL
C OPTICAL CAL1CU.A1IU4S HoUri.lb WOgrTr. tPUL .3
C ey "EAms OF rmE imiour (bCUN1rNTLrMC USH INSTMUCIS THLS RUUTLNE %
C TO 01MECr TNk CALCULATION uO U01ICAL FFtCTS OF APEMIUNISt (WL
C MIM4MUNSt GAVITtSe €rce bUL
C IFLAGL tHANSI-.FM To (eLU £UTU LIVIRY POINT Wb F

C IN IS UNIT CUNTAINI'ith LJ 4 UArA eM LUNFIGUIRATION (WL 9
C RESTMI IS GONIWUL FOR otbraMimu CALCULATIONS FMOM WEVIVUUb HUM (aOL LU
C *Tk o I LV MTATIN4 401 1
C Wt .F12 Fiu aLI
C°'a"L 13

LL.VEL 29 CUoCFIL9,CFFL 'aOL 1!0
CU UN)i LT/CU41bJW*ICFLL(OlblA() t ),WLNPTIMStNPYUMAtUNY IaOL L6
COMMON/MNkROP1RAUUq4ANGAANUV WL I?
COMMQ O, *AY / A4UNNNE4iHAP T H WL Is
CUMNOPMdLUP/1LAV9 IANlSrthUS.IA IPTITNANTMMW4L IAAMSIg, OUUL 19
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A ICUT#MLrvOIKLTM91CEA9NCI (PJI. 20
COMMON /WAZ/ AIALT(0.09Z01 NUCILOO). SAYL(IQI OU~L it
COMMON /LtelIL/ INT OUL1 22
U114ENSION £0(,4.GL19,d( ,09.FLIJ4.UA49, CIQF1A 1

CUMPLEA CFFL@CFZL2.CuCFILC'(.NTCFACTTCu0 Wl0. 26
LOGICAL INITPNEST~rtw*lY , iAPANI),APNU s REf4OVt.NMV 1*01 99
EQUIVALENCE (CI).GL)*NCI1) 1I4.) CLUFLA 3
EQUIVALENCE (CFLILIJCFFL(1)i,(CFILid(l),CUtlfl, (ICAV91CAVL(I)) AWL 32
DATA IFLUW*TITLL /9920104M v ' ILUTS / 0 / (01 33
DATA NCAVNU.ILR.NSTkNpLTSPUPIiPMUI'I /0.I1.092*o./ 604. 34
DATA ANGAA.ANGY .IAOC.UIAUUT ,UIALNAM'OS. YMPO5.NM1NW9UELTA,015TF (*431 31
9 .100 0.1). 0.0. U.0. 0.u. 00. 0.0. 10.0 0.0 q 0661 16431 36

DATA NANULS. OOUTY, OINY. IWMLAST CIOASTG 2
A /0.09 00. 0.0, 0.0/ CIOASTG 3

VDATA DELi. R0CW4V# .IMUOA~aZNIOMIIF0l.ILTN.IIPS Wl0. 39
A /0.09 0.0. 0.19 0.1. It go 0/ 0"34 40
DATA U0~UIJNAUS1,'O5,VUUT*Y1N/ 6*0.0/' S41APR 16
DATA OIdfAM9V41APo OAAI* UYYN, AMull, AVCUSM /4*0.091.0*0/ (*4. 42
DATA CuSAF/I./ CYCLEVD 2
OATA RAOILT/O.O./ 401. 43
DATA ALFAsc.PTr0'U,1LN.N9ie..S1NPr.VMIMoP.AAL/1*I.0 )00.0Oo/ (*0 44
DATA UT /0.0/ (*01 41
DATA IREAU9 INWITE9 (0140. LAU /09U91901 %UL1 66
uArA TRANS. AMAU /1.09L.U/ OU16 47
DATA NdEAM.AwL /090.0/ 1*01 40a
UATA NGRU /I tPOA 49
DATA AL HAM.CONMN.AL*(A6a,..U1Ab. rAD. TLN.NIFMI.CUNOA5 to" to

A/690.0. 1.0.0.0/ 6UL 51
DATA CAP49LAPjANUtRUC /SJ.*.ImuE.#U.0/9 OLSPoTILI/0.90o/ 1*01 52
UATA UELL4. UELTH. dLNUux %LNUUK AWK 13

x /0.0. 0.U, 0.1. u.I/ WL 01.
DATA 0514 9 RLMUVt e PMI"IAN4 (*01.

x /0.09 .wtNU. . 0.0 - (*04 56
OATA ULM.ASPC.YSPCoi1UTN, fmlANU/10.14,0..0...42J.-12U.. C01402 6
A t.400.tiI CURIQ 7
NAMELIST/ CUNYNA. / 1FLUW.9..UF9IIPLUT5 4pu. 3

c IFLOW CUt4TRULS Tmt FLOW UP CALCULAI IONS TilNOUGH IUL IDA. 129
C I CAVITY LLEAmENr, h4LAUb CAVIYIvCAV'v2 WUL1 00
C a M 14NNUR LmENtv NtAUb "MNUN 14UL 61
C J VAMP tLLMEN19 RtAUS OR04UI1T .131 0
C a ARENTUI4L LLLMENF9 N.AUS APIUN .04.6

C NVtNI'OLATE FIELU UVLW SMA1LLLH ANEA, REAUS CUTOUT 1IUL 013

C 9 EUW14LCUNFRNL FU ALLIb OU40I9N INI'UI 1*01. 0

C 10 RtAU ANO/OM W;4I(E CU UN UISA. READSUSI 1*04 69
C *11 AERO 4INeOW RoM.S. .DHAbE MUD011. NO INPUT (WI6 T0
C *14 SCALING ROuTIMIL..NU.L11I W~INE FIELD. MEAIJS MOLT bU. 1
C aIS FLIPS TilE FIELD AUT Timt Y-&A15. NO INI'ur (W 72
C a14 SLNUbOU1UA. UE~blrY VAN1AIIUN59 READS, SINUEN (*04 13
C lb R5EGINS FILLO IV, LARSENbl~ SI O. AUS NXGMIU SIX4 74
C 16i CU PUNC"ILU ON CANUS. NO INPUT 4mt 71
C If1 MLdAUN IMENM4AL 61. mOOCL, REAUS TMNML W01 76
C a 16 SOLVER ROUTIME, )4kAUS $PION (*01 ?
C 4 19 AAICN 4UUTINE, rKAUS AICUM 1*04 is
C a 20 INOPAGArE IN N-IMILA 5SOACE9 RLAOS RPwhOP 1*0. 79
C a at RLMOfts ON ADDS d4A WEAM CENILN. RlEADS CENTEN 6104 so
C 4 2 FLIP~S Till dLAM ANUUT tit A-AAISq NO INPUT SUW??CYI 16S
C btII6

C LOTS 1S Tile PRINTER PL1OT btLWCOI. WpLuTSmAbcDE owiEm Awl S1LXCTS bUL1 111
C RTIIETA PLUTS. Set SELECT% IbU INTk.NSIIY PLOT * Cal SELECT A AS WL1 63
C AAMPL--LPLOTSIOJ SILICtS 150 lNTkNbLTY A140 Y AAIS PLOTS I14 WO01 as

NAMELIST /CAVTyI/ NCAVO,0ILNSTEN'LrozIJUPIZI'NOPO (*1 a?
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C NCAV14U 15 T~t NUI4tM ASSIimo TO CAVITY FOR4 tueNTIFICATIUN WSL 09
C ILR INUICATES ULRECTION OF FIL rboiuubm. CAVITY 40L, 1#0
C a -1 NIGHT TO LEFT 4OL 9
C a #I LLFT TO PLO14T 401. 92
C NSTE CONTR4OLS TYPE OF VAMP CODE btTwILN htOMENTS (10L 93
C a I CONSTANT mesH *IfH btTU(' (SL 94
c a 2 VARIABLE t~sm wirm StTUP (LALTS VAMP Al ENO0 OF LiMEN( taOL 99
C a J VARIABLE MESH oil" bLTUP (REMAIN4S IN VAMP) (OL 90
C a 4 USE EALSh1NMD I'OPMATING MAIRIA (EXITS VAMP) (SQL 97
C a 5 USE EXISTING PROI'AGAiINS MAIRLA (REMAINS IN VAMP) WSL 96
C NPLT CONTROLS INrEwMoeuATe PwiNTouT FUN4 CAVITY GUI. 99
C a o NO PRINTOUT (*I.L 110
C a I PR~INT FIELU de.FOe4 AMU AFTERN 4AIN. ANO GAIN CO-tFF Gjul. Lai

C ZPwOPI IS PROPAGATION DISFANC. FROM wwEvUS Jet. ELL.MENr TO CAV. (SQL Loa

C LPNOPt IS PROUPAGATION UISTANCt FR4 CAy. TO NEXT OPTICAL tLEMENT GUL 103

C WaL 104
NAMOELIST/MINOM/AN(AA.ANWIYNWAOC.OIAUUT.DIAINAPOS.YNPOS9MLRO GsUI 101

A UELTA.DISTFOOUTYOINVMWANULSPHIAST CLOAST(S 4
C WSL 107

C A~bXA IS TILT IN A-OIWLC~T ON - (4AULANS (WHY? OPT. AXIIS) (NL. Los
C AN4bYY IS TILT IN Y-oLwiCriuN - MAUIAN (%MY OPT. AXIIS) WaL 109
C T4AUC IS .AD~uS OF CUNVArOmt OPN SPHERICAL MIMMOR TVUL Il0

C UIAOUI IS oursIVE U1A~etTM. UP *hIMN.(SOJII
C ULAIN 1!2 INbIUL UIAMETER OF MINNOM SaUL 112

C AMPOS IS A-OISVL4Ck4ENT 01 *4414140 FRMI O#'ICAL AXIS (aOL 113

C YMPOS IS Y-UISPLACERENT OF WINNOW FRM OlaIICAL AXIS 4OUL 114
C AMIR IS REFLLC1IVITY OF MIRROR AiDL 11b
C A.LTA IS CENIEWM..TUGE O1*I1O1 IN PACTON (CM) (JUL 116
C UISTF IS MIRROR 0157. FACTRo (1Ll'4CIIONUOISfFU1O(1.UNRM1MH SiL 117

C NANOLS IS OUTSIUL NAULOS UP ANNUJLAR4 btAM (IF APLICAaLE) IaUL Ila

C DOUTY FLAGS THE IYPE OF APLMIUWL APPLIEO - SWAPM 16
C .EQ* 0 - CINCULAN AP'tHiONE Ut1INEO AS AHOVE SWJP 19

C MNte 0 - RWCANGULAN APtRTUWE# OIAUUT HIGH4 WA (Y UOUTY NIOE SOAPW d

C OLNY AS SIMILAR TO OUIY 1OM INSIUk. UIMENSIONS iQAPM j

C WaL 119

NAPELLS?' PNOPGT / OELZ9 NOCUMVWINODAW4NOK.II1G.I1I~gIPS SaUL 120o

C WaL 121l

C DELZ IS PROPAGAT ION OMSAN"t (aOL Ida
C RDCUNV IS PAUIOS OF CUWVAruPkt OF PMASk FR4ONT WaL. 123
C IF ABS(WOCURV) LT 0.tl USL WAUCUN OF PREVIOUS MIRROR4 SUL 12'
C WINOUA IS X-SPACE UATA WINUUW FUN FF7 U 14s
C WINGUA IS Pt-SPACE UATA WINU~vw FOR FPT (aOL 126
C TIFG IS A VAMP CONTROSL PAAM]HtN IJUL 147

C a 1 FOR4 CONSTANT MESH (SQL 146a
C a a FOR VAMIAdLE MESm SiOL 1.99
C IITR IS ANOTHER VAMP CONTROL eAPAmE~TN ISaL ISo

C a 0 NO INVE4St TRANPUN SaUL 131
C a I INVERSE rNANSFO~m dACIK ro RE~AL SPACE SauL 132
C WaL 133

C IPS IS FOR CONNECT ION Of PLANE AMU SPHERLICAL PHASE FWUIS OUL 13*
Ca 0 No CORRECTION (kQL 0.5

C 8 1 PLANAR CORIECTLU IO NY (SL 130

c a 2 QUURAI IC CONNECTION ONLY (NUT OPERATIONAL) (jUL 137
C aJ 3 OTH WaL 130

C WaL 109
NAMIELISr /APTUN./ OUUT9DIM.AP4USqYIQb9YOUUIYINt SQAPR i2

C (Wt. 141

C DOuT IS OUTSIDE OIA14ETER 01 APERIUNt (jut. 1.2
C UlmISi1 INSIUE IAKER 0P AO.EMTO14L SUL 143
C APSIS 15 AOSPLACLMENY OF APENTUNt PWN OPTICAL AXIS SaUL 44

C YPQS IS Y-UIbPLACLMtNT Of APtNTumt FwmO OPTICAL AXIIS GUL 1.65

C YOU? FLAOaS TMt rYPt OF A~tNTOME APPLILU - SUAPR 23
C E'J. 0 - CIRCULAR AVEMTUNI OLF INtO AS ABOVE SQAP14 24

C *Nt. 0 - MECTANbaDLAN APERTWOL9 uour "LGH (A) BY YOUT NIOE (Y S(QAPN d

C YIN IS SIMILAR TO YUJI FUN IMS1Ot U1Mt"NS1NS bSUAI) 46

C tPOL 16
NAMELISI /CUTOUT/ OldIAM.OVMLAPOAAMOYYMMAAIT.AVCUSDM.CUSMF (CYCLL9

C CUSMFUI. FUN NOR4MAL LOADED "LbUNAtON CUIOUT CYCLt9

C CUbMF80* AVOIWS 09IVIN4 FIELU UN 6 ANU AVULUb NORM* FILLO (JNLUAULU LYC;LL9 5



C OWdEAM Ib Tht UJIAMETER OF dtAM FUN IMtAT 1ItRAI7O SUL. I &t
C OV14LAB' 151 UCAL~a OVNLA6'*UI*EAN OJB. Ibu
C UxARIS 0b I IST LON OF I tkA iI Wt dEAM MEtL. T 0 00Bf ICAL ASGB 15 U b
C. D'YN IS fME SAME1 IGOBIbi
C 14AAIT Ih T24t MAA NUMdk.I4 U1- IILHAriums (sOB.5
C #JULA t04
C AVCUSM AVE.NAbsS PWLtVIVU NE.AI Itk.AIJUN 1JUESS IN THE MOVE Go. 115
C OF elAiIU CU14V.L0LwLL... 8 0 NO AV, =.b ITS HALP ANNJ HALF GOB. 150
C GOB. 157i

NAMELIsT, PLOT / TLTB.L 9 KAOPLT GbUL Itoo

C TZtLE L M~tIPILS Ttr. PUOSLT1uN O LACII STATION * LOTTtU (U IB 19
C 1RAUPLT CUNINOLSp FMt 1yPt OF P1.01 GOB. 10
C a 0.0 FOR A.'! PLOrTNG iA-AAIS9 Y-AA15o UIAbONAL) (OB. l01
C a I.o FUN RAUCAL t'oo-rtiN A( VARIOUiS rNtTAb #JUL 14
C 4OB. lIJ

NAM4EL1Sr/ dLOOM / ALiA,5iCPArNHnj9Lt.N.NB[EPSIN'TNi4ONUIAAIA..0T (OB. 1046
C WOB 163
C ALFA A MtOIUM AdSONW1IVIN CUEFPIC1~.NTo CM-I GOB. 100
C SC" NE MOI UM SPECIFIC MtAT.,./MUEG K WLB W0
C I a P4LUIUM 1EMPLATUto~ Utfa A~ GO. 106
C AMD a F4t0IUM ULNSITY9 4M.CMS (ON TWA145VLMSE VEL. IF .01. 1.) ("ul L09
C ZLLN a ME Ou um rmICKNESb ALUNG lie'! CAL AALSj (vUL 170
C NPWOPI a IDNOIAGGATION PAWAMETER..*$A~t AS NSTL IN CAVITY GOB. II1
C NVE0PS a NOMdkW OF EL.fta'eIS IN SUbSYSrE4, .5E. 1 GUI I pi
c INP a jv. 0 FOR 1NT~tiJuAtE F1ILLO $LOTS (OB. 1?3
C AAIAL a AAIAL VLLI..TY (LM,/SkC) IF 'T 0. USES AAIAL dB.OOMLNG GUI. 114
C Of a BEAM ON rLME FUN IML9RN*A. 00' LAYER GROWTHI IN TRANSIENT GUI. 1ts
C SLOOMINO CALC4* LP UT 41 0. USe.S TRAr.SIENI BLOUMIN4 (SUL 1,0
C (JU. it?

NAMELIST/ DISIZT / IREAUP wWITE9 IONU , 1*01) 4OB 110
C IRICAD IS TriE UISA NUM TV se. READ OFF OF ... LFsO ... UUNtT WEA0 GOB. 119
c Iw~t is THE uIsA a ro ut WROTrE ON so ... UNtI WRITE VOL. Ig0
C iONI) Is rME OOI a It WtAO FIRST 4OB. lot
C =-it aNIIE FINS! GOB. 182
C LAO I UPDATES. IWMI#1E BY! I FOR~ !PCCliSSIVE ITLJATIONS SO. 103
C WLB 144,

NANCLIST M UB.? / tRlANS9 ANAG GI. INS
C THANb IS TRANS14ISSIONl oF t.LEmNr GBL 180
C GOB. 167

NAMELIST / SLN~eAI / NdtAM. AWL GOUL led
C NBEAN IS TilE NUONI OF CYCBLS PER A-CAL.CULATED) REGION Goo. 169

AWL IS THEl AMP/WL OF TH~E SLNONSUIUA. VARIATIONS rGOB 190
C GOBL 191

NAMELIST /HEGIU~/ MNR 1OB. 192
C NGWU Ib NO. OF FIELD r0OI.'uS ACROSb RIOD,0EA) OCA. GULB 193
C 4OB. 194
C GOB. 195

NAMELIST /dB./APA.CNNALPA,..NUGAS.tAOtrINNIFNLN, GOUL 190

XCONGAS GOB. 197
C SOB. 198
C 111,1MB IS THE NANILIST FUN SOUNUAWY l.AYtk TH~ERMAL. LtNS CALCULAT IONS GOB. 199

C ALONAMO ONNIRJAIFFUIVITY CASQ/SEC SL .
C COuN I tMIRNUN TI4ERMA CUNUuC1~IV'rY w&rTSiCm !bC SOB.ZV
C ALPMAG& TMERMIAL OIFFUSIVLT! Of GAS HEATED BY MIRROR CHSQgS(C SOB. 202
c CONGAbs rMEIINA CONuUCqIVIfY or %AS HEATED BY MIRROR WATT/C1N-SIC GB. 203
L RNOGASm OENSLTY OF GjAb HAILL 0'! MINROR 0M.VCC WtB. 204
C TAU a dEA8N ON TIME FOR dIUXUAMI LAYERI GROWTH SEC Gu" 205
C rTi a INITIAL TEMINRATURt Of GAS b IIIRNOR 1.0 It SOUL 200
C QEFMIwu MIRROR wfFLECTIVI[Y tuOTAINLU FROM MIRRIOR INPUT) GOB. 20?
C 4 TM1RMI.SMAY sE AP'PLIED AFTER ANY MIHIN to ALrER TMt GAIN - PHASE1 GO ace
C 001 Wo HEATING OF THEl UIESCE.NT WUNOAN LAYER AOJACENi TO THE WLB Z09
C MINNOMW sNFACE. GOB. 210

NANEB.ISt/ SPIUN /NPU~oUIT..TITAAP.YSWC.OM GOB. 212
C Np a mdAo rusIN Gpti NA6 OL.i

C HT NL FINOIVIUUA. GOB.AL UOSWE 5
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NA..ELISr /AAICUI CAI'NLAP1AhU9N4UpS.',rLr WFL d

C CAI'H IS TI"E OUr5IOL MAULUb OF rML ANNULAO kEAhIACI ION WEAM WjL da

C ANNULAN 1IN CRUSS-btCI1UN WL 23
C ROC a RADIUS OF CURVAIwt UV THE FLEILO IN PH~YSICAL 5IPACL bUL 124
C OlISP A UIb5'LAGtMt1 OF mAILUM F4UM CENIEN ALUOb A-AAIs 94UL 44b
c TILT X AMOL(.IAOANS) up AALCON 1ILr FRUM 2L~tCTIUN OF PROP. 140 22
C WL0 227

NAMELIST/ ,*,40P / UEL49UtLZLINNUAUXlNUUA WaL b
C 40OL Zd9
C DEL2W IS PROP'AGATION4 UI5(ANCL FOR Tlt WAUIAL COORDINATE 40Lt 2.30
c DELZT" IS PWOPAGArION OLVbANCE FUR IMt ANGULAR4 COOROLNATE (aOL 2.31
C 0#0 UELZE .NE. OELatm Nt.ANS YOU Aft. A6gIN AN EUUIVALLNT *4 40L .3
c 090 cULLIMArLO dt.AM PRW'A44TIUN sfLP IN W-TMETA COOWULMAI.S ** (aOL d.3
c wImOUA 1b A-WACE UATA WLNuuw'wom FFr a.di
C dINOOK lb 'K-sPAC. uAT& dLNUOw FON FFT O23

C Wju. 2.46

C osm is rme OlAeetrEo TO de Mt.NUVtO ANU LAF1W ADDEO) TO THE MAIMOEAM (aL 2.39
C RtMOVE FLAGS THE ACTION - %M Z##
C *TRUE. IF rlt CEmTIN IUNIAUN UF~ IME WWAN is ro Se wemuJito WaL 4
C *FALSE. IF THE kLMO41VEU PONI IN lb TO dt AOOEO @AC. TO iH( WEAM 130k 242
C PHIARB Is AN AWITHA4Y PMAbtCH~IANGEt AOOEU TO THE CEMIRAL ROMtLON WaL Z43

C (SUL 245
IF (LFLAa.AE*.01 GU TO 4h(b WL 240
CALL CPUTIM(IST4T) taLt 247
IGNALS1 GUL d-b8
RAP 7.u * UIDL 249

CI'CNTwO.U bUL d51
MSrEP=O IDOL Zb2
WHlY a .rRut. IOL 2b3
KAUTU 0 IDOL 5
N411 a NLFj4 (aOL ass
ICNTLSQ 40OL 2b6
ANOaAMO. (lOt d57
ANG V .. GOt. 254

C CALL LERUIICAV*NCT) IDOL 259
0O 11.3 LLER081916 IDOL 20

11.3 ICAVZ(LLtO~uO IDOL 261
C CALL ZEII(GNOT(I,1)qGNOT( uq2g)) IDOL 202a

00 114 ILEROal.21) (OL 263
00 174 J4EQOmIvb0 . (aL 264

I,* b6w 7.flEANQ# &MO S U. IDOL 265
DO 3 681110 40t. 200

3- SAVE(L6)uI. 50OL 207?
NOW a NP'ISONVY IOL

C G*.***.**..**4*.S*....*.....*...4.. (ut. d69

C HEWIDN VIRECTLON OF OP~TICAL CALCULATjoNs IDOL. 470
C1000 CALL 4kRIID#40T14W9Wb4OTE(iY) IDOL 271
1000 04J 476 I&ENOuaI.2 WjL z
170 (iurt 11 itkul 0. tjOL d f3

W1IAO I N.CUNrNL) W 14,
14ATE a V aaL b

04CAU (IN9124S3) dy1?t DO 7
1dJ FIeeAI (90A4) 42UL its

1CNfLaIC14TL.1 WDL 279
IILTS(ICNTLJ At IPLuS souiCYl 100
0U 0 4 1*1940 (SDOL ido
(D.'UT (lC'I L 9 L) suisu rL: (1) (VOL d

dud CUNT1 I ut fDOL doi
wWLTL(0.GUL)(.iortiICNTL.L)1i.IaL.2 (JUL d6.3

SUL FUNN4AIt/IA,4IJO.OI/.X.dUA4k1A.sU(sn*.) WDL 2W.*
c CALL CPUfI(NCR.) IDOL dos

r Iew 1L~t5 .ET-Amoav/0. WDL 4!86
C isr~Ra1u4 %WL eel
C IF (NI TIE.E4.0.U) WWI TE (69 Loud$ I Lt CW&LUF./ adoL

IIIOL(ITF41 a IFLUw O 9
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C IFL.Ow a /L/ 11 3/ 4/ to/ b/ 7/ d/ W/ Iu.' I/ 12 / 14/ /15.4 12L 293
00 TO kv.O3,U5101,Uu,,4,,eJ.u1~~UL 294

C /16 /17 / 1d/ L9/ dO.' 411 04.1 295
X,1801.1U.Id~o.90,2!00.21Q,4081,1FLUw !)Q0V7CYl 167

C ENtRY AUTO(AdCld) (R1. 291
47b2 REAU (Idi (CO(Il),12a1.N~d)AUUW~vwWW 01 Z96

RXW1"U 18 001. 299
KAUTo = I aUL. 300
'.17 a 0 W01 .301
DNA x AdC1949L) 001. Jo2
U)1Y a AdC(2949LI 001. 3113
NirE4 a 0 001. ;)of
wMY a .THUE. I01. Jut,

C WESTANT POINT FUN SLC0NU AftO 8UW8~.gUtrT LrEWAI'l0S 00, A MC8QNATOM WL 307
99 NC a 0 001 JOB

*ICNTL=O 001. J09
INTZFA.S. IU 310

AN43YUO. 0OUL ill

C CALL LENUIICAV91OK) (j4L 313
00 U1l IZEROmI913 (101 314

177 ICAVZ(1LERUI 0 040L. 315
IaHA a 0 W01 4.10

98 Iui.'A A IWNA 6 L (101 417
ICNT1.UICNTL.1 (101 310
IILOTS U IPLTS(ICNTL) 001. 319
IfSATI. a U 01.11 J20

IFLOwal4UL C IA) WL1 321

C IFLOW * /I/ Z/ 4/ 4/ 131 b/ I/ a/ 9/ IU/ 11/ 12/ 131 L14/ VD/ 001. 321
GU TO UULU3,U8,0fud,0,U,4.bUJU4U1U01 3,24

C /10/L1/ Id/ 1W/ d0/ 41/ (U

C WL Us5

C cut our FIELW CLNIE4 ANU )mfat ON AOL) W CUNWENT FIEL) W01 340
210 ICUT a 11.07.1 (UL 440

1Vs.40T. INLT)I oU to e1U (iUL1 441
I4EAO I N9CL'.TCMI fUL 432

U$I(Coa US4. OUL 3
A4MV(LCUr) a REMOVt tj0. 444
iPM1A(1CU X PLANtd 1,01. Jib

di1! IF(.NoT.N4MVC1CUTl) 40 TU 210 (101 430
wNITE (b.214) USMM(LCUr) IaOL - 44?

d14 FOWMArC/49H THE dfjAM CENIEN WAUL~b A v~b.4.2UH H AS 8tLN REMUW 4OL 340
ALL) //) (aOL 449

w4. TO a21p (aL 34")
e16 mmIlr ((2921r) USMM(1Cur),I'M1A(1CUT) W001.d 41
eU? FOMM4A(/99H TMt dLAM UNLN I HA)Iu8 M *Fb.J4,88M H AS dEEN A0010 WL01 442e

A dACF. TO tilL dEAN4 airH A W"Abt CHAN~iL OF *Fl.4/) 001. 344
119 CALL FIEL05(L)84lCur),Nmv(LCU),vOM1A(ICUr)) "4L J44

I~~Ea L 001. 4#5
WM TV 3024J 01 44"

C **33*3********9**W****3*.**9***** L j4?

C P010PAUiArt Ut4UULLE0 ANNfA.uS W1)1 348
2111 1(487? a Nbrpoo'* CL~ 349

weyplampyo1 ,t)1. 450
IF(.140T. 11.17) 00 tO 242 (0L 381
(4EAO f IN 9 MN000 I WL 482

*AdC(29LR5TDP,8) a WINA)OA OU.L 350

AdC(4,IN8STIA,8I s w1N0UK 001 3!)7
242 w#IITE (0.234) (AdC(1ST,1MbftI~doL.SiaL.41ANGA,9ANUY (411. 38
244 FO.MA r /8 Sm ULLZN ULLZIM dINUOX w1NOK ANUA 0L 3b9

X AMOGY* / &V10.411) 001. 30
CALL ISTEP(AMCILISTI'81AdCC2,1.WST~dlAdC(3.LNST?.8),AMC(4 OUL 301
I1ISTPv6) .ANGAvAtGVYI CMI362
CALL P0W"(CU9X9NTtS9NP'VP1) 403 363
NAMT a 0L 6
WU TO 302 001. 405
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C ................ **....*...*.****** (OL 366

C APP'LY AICUM WSL 367
140 IAAAIAA.I WSL 368

1FI.NQT~lr4L Go ro 191 4"t 49
RkAQ(1N9AXICUN2 WOL. 410
C2PW CIAA2 ACAPW WSL 311
APNOI £AA) BEAPANU SQL J72
RCu.4VE( IA~l aROC WSL 313
TLT(IAA) a Tlir WSL J14
0T5b (IAA) a Uj5O WSL 325

191 CALL AAICNiCI'4CAA)APNO[1AAI,.CUVI(IAA).US'EIAA),rLT(IAX).Y) WSL .510
(SQ TO 999 WSL it?

C GU(SL ire

C APPLY SPIDER OdSCUNArtom rmNWta1LUSNU FUNCTION To Tmt CON4'LIA b"Q A19
C F1jLi) 4QL 34

181 IOHMAr(24040 SPIULRM OUEL APPLLkU#*SL5N STRUT 0101" 896id.Jolbl (SL 3#3

d15" HUNJ( UtANmtrIw a#(4.*evS filETAb *964Sido4) (SQL Job

*NSb'O a MNN(NSIPU96)O*2
162 CALL $PtU(WIIOtTETA,b'U9ASPCOYSPC9U1") (SQL is?

IGNALSI& tPUL Joe4

GO TO 914 (SL 349

C f*.....*..******U SL J-00

C wwITE C014PLEA FIELU ON IPUM(.I1 CARUS I4UL JvI
160 w"171469163) W.QL i
L*3 FUN$4Ari 30.44 CU "AS dEEN aNITrLN UN P'UNCH CAWO5) taQL 393

4iUITECI4.04) ((SNOUT CCNTLe £2 131.14)) WSL 394
164 FORMAT (204 4sUL 9

00 1&1 JAjNOY (SL 3(SO
00 161 12INI.TS*Z WSL 49?
IREF u(J-jj*NOTS GUL 396
DUMImmaEAL (CU C IetF.1 ) (SQL 399
OUM1SAIMA(4CU(INCF*L2) (SQL 46)0

OUfM2*WEAL (CUC bk.F.*#2) (SL 401
OUM28AIMAG(CUIIEF*11L) 2WOOL 44)2

161 wNITI4,162)A(L).A(,Jls0UM.l)UN#EIA(112,A().UmJOUMqE2 WL 40)3
102 FUMMAT(G298224,Fdl,2ti.U4I (SL 404

iGATE = i WSL 405

Go TO 3643 (SQL ~
C APPLY SINUSOLUAL PHASE VAMIATIUN TO CUMPLEA FIELO O 4006

#*.0 IF C.Nor.1Nlr2 (SO To 421l GUL 409
READ (LNeSINUEN) (SQL 410

aidl wRITE (0,42 NdEA0NAWL (SQL 411
422 FORMAT (/4804 SINUSOIUAL ULMSITY FIELU APPLIED ro THE dtAM /90" (SL 412

it a Of CYCLES PER ACALC *15926N AI4P/WL OF VARIATLUtiS 507.3 W1(SQ 4L3

AS 2 .03.L41992 * AOL WSL 414
A6 4 . 0 3.141540 0 N4MEAM /4NPrS*4A(2)-A(I))) (SQL l41b

Do 423 1U1,Npts (SQL 416

CFACTTU CLAP(CMPLA(099 AS * SIN (AO'AtU)22 ,L #PI7
U0 423 J*19NPY (SL 418
i.j m £ # Cj-i).I'pTs ( 419

423 CJIIJ) 8 CU(IJ)-CFACTT (SQL 420
6O TO 999 (SQL 4,j1

C **......4*"4. .. *.* (Q 422

C APPLY (SQL CAVITY TO CUNPL.A FIELO PSQ 43
1IQ ZCAVOICAY.1(SQ 424,

£F(.MUT* INI?) 00Q TO 11 (SL f415
REA4EI1NCAWTYI) (SQL 420
1019111.ICAV) a NCAVNO (PQL 427
IUILt2,ICAV2 a L4 6"Q *as

IDIP(J*1CAV) a NSTE WSL 42a9

IOI1*91,CAv) a NOL T WSL 630
ZLI(LCAVIOZI'NOPI (SQL 431
ZL~UICAV)aL2PM0PO (SQL 4.51

11 NEwCAV a 0 (SL 4J3
I4CS a MAAO(ILIR(1LCAV2.NCT2 (SQL 4354
1F(NCS.Gr*NCT) NEWCAVa1 SL 0.5
NCT a NCb (SQL 430
wNirE (0.122 10114C1ICAV).1UIN(2,ICAVIIUIN(3iCAV) (SQL 43

133



12 FORMAT (///l1bM CAVITY NUMWIR,1391IN OILCTIUN 9L4 9291 OUI 4.50
it PROO&OATI"4 P'ARAMETER tid il GUI 419

RiltE(691S) ZLLUICAVI, ZLU(ICAVI WLI 40
lb FRMAT(4dMOAOOIrlUNAL PROI'AbArLON DISTANCES AT CAV17V ENU5b' GUI 4,1
A IA,4cIILLU.b2o5,@A44LLOU,(.iU.SI GW 442
CALL CAV~rY(LOO(1,1CAV).1L1R1CAV),NEWCAV,1NLTLIR(J,1CAV)9IN9 GAIL 3

A .,ESrtMt 1011(4LLAVI.ZLLLCAV),ZLLCAV)) sUI. 44

IF(IOIR(J9LCAV)9LL.Jl INraI bUI. 4*5
GO TO 999 GsUI 446

C ....... IL 447
C READ ANO.'OW vMIfE COROLL.A FILLO ON UIREC! ACCESS FILL. GPUI 44*0

100) NO$ a NO* * I IPUL 44
IF C.140roihmT tj To 101jL b
REAOIIN9ULS.IT) OU 4b1
IUSAtL.NUS) a IWEAU t"I
LUSK t2.'US) = IWR1TE OU. 4%3
IOXCJqNUS) 8 UOU 4" I.i
LUSK(,,NUS) a LADD WUI 459
WO TO 101 GUI 4b6

1U1 MIIAO a LOSA(I.US) OUI. 457y
IUSKIZ*NJS) a LUSK~domsI IUSK(4.NUSI WUI 4'be
IWIIItI a 1OSA~tdNOsI WUI. 4%9
1O.*O a IUSX(JqNOS? OU. 40

107 IF (114AU9E..0.U".LVU*EQC.-1) Go To lUe WUI 461
RIEAD L(bQEAO3 (Co(1L),11a1,NOSIA.ONAOWY.NITER GIL 462
WWIrtE.1s053 INCA GUI. 603

105 FORMAT (//1OAs26fCU 'tAS dEN I*.AO FROUM UNLT,13//) GUI. 44#
REwIN0 INEA) 4UI 405b

IU2 IF f1WRIJE.tQU) 40 TO 10.5 (PUI 466
vlW1TE (INIa4T0 (CU(L).11a1,11083.A.UWAONYNITERSAVE WaL b6?
W'4ITE169106)INRITE 001. 468

106 FQONMATI//IUA*27tCU HAS SB1'4 WRITTEN ON uNIT,13//) WaL 409
)R1aINU 1WO41TE 4UI. 470

103 IF (IREAOU.0.UN.IUIU.EU.13 40O TO 999 bUI. 411
READ (1141*01 IIU(L)LLaLNOW.oAW4AURY.NITEW WUI 472
WRLTE(6*,105b EA W14(AO

REWINO INEAO W *I f4
"O TO 999 W 1

C APPLY AEHOOYNA14LC OLNUUW TO CORWLEA FIELI GUI. 417
349 wRire (693*11 GUI. 410
.541 FORMAT (//?4m. £1140 wLN10w AUUEL1 "AS5 dEEN APPLIED ... NMS PHASE1 DIST GOg. 419

AORTION Iti T'tE MODEL /) %VUI 440
CALL A11401(CU.NPTS*NPY) OUI. 401
Go To 949 GUI. 401

C 4"~t 443
c APPLY FIELD SCALIN4 FACTOR GiU. 44

IF (.NOto 11111) GO rO 351 (PUL 446
READ (IN91UT) WUI 487
A@Cl1eMLTv9)aTRANS GOt. 440
AOC (2,it f t99) UAMAW WLt 449

351 WRLTE16,J',) AdC(I9MI.T991,AOCIIMT991 WUI 490
STRlAMS a sWmr(Aw$CC1,MIT93/A0C(ifMIT.99 0"I 491

3bZ FORMAT (/'43M1 1111 71110 "AS OLEN SCALEO BY T14E FACTORS 90P6e"i) GUI. 492
DO 3S3 18191100 WLt 493

3!3J CUMl a CUIII*STRANS W 9
00 3b? I a 1,N4PIS GWt 495

.35f AML 8 AMj * AbCd14Irqqp GUI 490,
R04IRR a ABC(I1,MITvv tGUI 497
IGNsAL a 4UI. 496
WO TO 999 (JUL 499

C AX PkNIII PI.UFS OF IULtA FILLU (JUL b01

do IPTT2IIrtT. kvUI boa
IF l.WUT.1111T1 GO TO ail 3UI. "i.
REA*01 Nsa'LOf) GUI !24

00 Aso-rtp loUuisilLdU GuI. " 0

02 wITI (6.0.) (APrI.(IPTT9NUlNwdU1,20) G2UI boa
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C~OP) *EQQU CALul IIL 4 11

Go1 to 999oWL bL

30 FLIP THE OPLEXa FILU,~dENLE AdOUT T"E A-AAL 1  SOWiCL bib

00IT 301 01 WL bNPT

00 362 J219NIO SUUCT 179
00 362 1819140S bOCY 170
I1 Io W-N)r 9 NI?7C1 bLi

COaCU ( 4) SU Y V493
CW(12 a CU4131 SQT7CY 179

307 CUtIJ a CUD W"7TY LOG
GO To 99 SOUTCY 1at

3IFINYV. 1NP1) 0.0 TO 999 bou01Y 119
NP am r LN.MI M it)1 ipm31l r

AWC(1,IPSuellcy &?aA ~. 3
AW6 lRMI'46LME. ILUKb tNFLPEDAOU H ANGYY1W SOV1.Y 1?3

AWUC7,I4d)' %OMrrOy .1. 53

IN .M111a LMIM,) UOTYd OAP bd

AdC(1L.IMII4.48 AON I ULP 532
AdC(2d4192a ANGYY~ O.uAl. 53

dAdC*9IMRZ)6 UACIUl/.MNd,6.LMMdOIOLI, ri)AP
SAC(L1,MLM.), UAC1L.Me,) CIU2r1 %

Adc(810490 RF41 94II b39

Ad~f MIHMO)49 UkLblvFY *..39A 1.41. 9

ASCIl*LM(SIv4 NULUS 14. AN#'APU doMa~1.j).1 5
IF CLCII,1n1,.Z.0.-u. Wp0 U 610 LOLUwl4 6

91 AL 40.413 b01wM

93F*O4,1N11 AOA 4d4.J.L.UG.NOAO9.IMI*,l).IU0.U)IGA1.af5 U .01 550%4
A'j4.4N~d(4 63"eJ SW01. 99i
AGOUST~i UPMORM4.o.UPILAI WL)1 b56

A~ir MINUR WFLLCIVIY 898. e~l 135S

_ 37 MLRR5"WCA 11wLN ATR8LJ.1(O 5



1701CCf4 ITmI4L 0 1U A OUL56

QI LTLN91HRMbLL),~CbLNNL,)Ac7,T.NM.I WL 541
AW(.Iv Rf4 719ALmM 1L 95
Gc 7(0 99 14 517 91 CNI W o

Ad0 5T 1 T 14000%. TA (0L 569
Ad(69u7 1 1411) i '4 .3 50

A( 1 9 ~ 4Uv9r1) a11 sea4IW L

AOC(dvISTMEPJ)s CUNGA tiOL b/2
II ALL( ,ISEP,4) u I4U Mtl*AC(olHMtuN.*dC39T (10)AO(4 . 573

IITA NL 93?) AdC (S) 1 rolift 1) 9 d f 1 ;M )9AN,(jUITrPL91 L 514
2AdC(4.Lir"?4h * iINU bL s07

Ad00 ~ iP4 To 999( (10 sr?

Ad0 ISSTEP J a Lsmo (WL 590

IF (I Aa4C(5j .11 Wis'.J.. (sUL 593
a Ad(t?,l5TEP9 .J)a UE i 'JUL 4

Ad 2#sr~J AOLN1r.YJ*UUK 44.be?
AdCIT~. 16.44) 2 1 C(s~,~L.,)1r14.~,T415A(AAb 'JULSa

ASA, 1SI09 ) a 'J UL 5(19

JIF4 a(LFG. 1-SIt 'J N 1 4UL b99
IFm xAd(b4C ,ZtW-J.Ll..s Awt.S~'3afOU jUL SVO

LOSTEu = ((7STEoUB.UI b#

J4 FUMT 99( 91 'JMUCUV VIUX voNU tkUL 5
A1 IN4TE.QIflo,1 (jAAb oI.9L9AL~~L9 IUL "41

AA 4I. / tau. 5416

ICUR a (104. 011
IF( IF.4)J TO OJd (10. b4#9

C a CAL9LYAtTN TSIANSNISSLON FUN)*A CTttIONJ AUN9SE COPE FEOUL 601

IF ICUM. 41 Ti INT TO I 4!0L4 00
41*04a I(ATN jOL 6016

ACJII.) A80 'UL boo

IFC (0r~.E~ bTUP4 WL IN9

c CALL CTR(Edg.O.AN0.OoN.GtWU) CL ANMC(,P.)UCL,420 6UM 03
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C AIPPLY TMtJRMA d1.00NING TbANMILSSIUN OUNC ILON TO COMPL1EX FIELU WLa 633
bO 10 a IOIAI G"01 634

IFIN~f* 1141T )0 Nj To bi01. 035
REAO 4 LW100N (ROL 030
AdCIUK95) a ALFA 4"1 63?
AdC~vDA!0 b,5 a SCI' 0"1 638
AdC(3*IUK95) a T 601. 6J9
AMC4'491)I~b) a HMOU 401 600
AGCfb9IiJA95) 4 ZLLN 4"N 6*1
AdC(6.1OA.b) a NbTtd'5 61 64,d
£BCIt.IoK.53 * NVY 601 043
AdC~d§IUeb) W IHOP W&1 60*4
AdC(V9IUAsb) a AAL 601l. 0*5
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IZZTma1NC(I. 1.0Ig 601 6*9

CALL rd1U0#4ACILUKIt..AuCtdlUKM.),AWC(J.L0K.5i.oAdC(*,1Uob, b"1 050

ou TO 999 601 053

c IirE41'l).ArE ,wtUdA4;4 FLE~u I-WU$- .IIUNATOW MUE FOR UbE Im NLAr WL1 054
C Irt.NArIUN 601. 0%9

41 IF(.r4UT.LNIT.AAl0..NJt.dblVI W4 TO 61 W01 050
If .WioeINT) 40 TO 61 601. 0b7
.4tA)( INsCUIOUT) 601. 050
AdC(L9I.LI 8 UIdt.A 601 0%9
AdC(491911 a OVN1.A 601 600
AdC(J9IvI) 0 OAAI4 W01 001
AUC(49191) a UYYt4 601 662
AIC (be L9 ) a AVCUSM W01 003
1400L99) a LAS(AAAII) 601 004

o1 U)C18MU a AdC4291.1)0AdC(1,1,)/4* 601. 665
OldEAN a AdC(.191? 6004. 00*
AOti. 9 JCI81NVTS*4. 60. 007
AK(li 8 -OCZIdNOAVEL/d. 601. 00
00 64 IG~#2N0TS 601 6069

69 A(t~ft) a AK(I0f-1I*AUd1. 601 6r0
TA(Il) aA(2) - Ail) 601 611
TAY(.d) X(2)Z - Aji 601. 012
TAT(S) *NPY Wt1. 013
TAY 42) a Nors 001. 07*
00 0* 14SIOU.NpV 601. 015

06. TAY1401NSI') a A(MSi')*OMY 601. 070
NPY 4a4PY0* (101 17
00 0*0 "bTaINI's 601 016

6*0 TXY(NP'r* 0 MST) 41 A(MST)*UMA .001. 079
61 AVC a AUC(5919LI 601. 60

POWA 8 U. APM3? I
0Ad4A(4I-X(I1) 2* AlOW27 2
UwaSC1814 AVMZVT 3
00 031 Jalty Alp~E27 *
IF f(AW)()20Aa.QT.0U3) W60 691 oil"a 5v2
FCtul.Q A00142 6
If fAdS(A(.J1340A2.1.T.0S) W0 TO bd? £VWZ1 7

097 41 a W-J1) 0 *TS aA12 9
00 Oil) I1.dMTS APWIT 10

PI A.4Af -X@h. 0 U APHE? 11
FCSOL-AWZ? 12
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M:AAaUU4AAAOI 40 a
A I* 0 &A(MA) d o111(Oba
CALL LNTLP40(TAYsAZN10 Y INI'.$.U9C OL 04AA).LQ) AP'M2o 1

63 PUwO a 0AJP4a C FFL(P4AAA)*CuNJb(CFlIL(MAAAJ) (AONZ 1
IAU~tl a R'UWO (A%()-AIK(l**d/Lu A'OW260t
FAFLT a boQNIlPwA/WBUwb) uUj A102 14

623 CFFL(Ixl CPFLUAX)*FXFLI Al~wil I#
wNLrE (69624) POWN9100WA AlWo"4 19
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IF lCUSAPeNt.0 9 ) (IV ru 5A$Wd0 199

00 5443 IAAI*PIS CYCLE.9 0
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00 d* 1AYu1,gieD kYCL19 10
IL a 12 1 CYeLW.9 9
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IF(FMAGoLT.FAA) 00 TU 694 laOL. 094
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A Fd.49//) WaL 702

601 CONTINUE (aL 703
*NITE (7) (CU(I1).L/a.NW) 6"1 704
NEwIP4U I WaL 705
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05 CumrIl#uE OOL 03
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IFWC,11.hE0. (. n a L 135
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214 TO OU( 111 T'f41(//I WLt 792
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IFl(.1U N.fOT.MET 10 10 ii10 WL 6(90

(0 TO 753 4Ut. 601
710 ,CVN&O. 0 (101. boa

Gso TO ?do (JUL v0J
150 '(lAU (9) (CF1LIIL),LLEI.NI WIPL 604
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740 CON? ZNU1 Out). Go9
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TbO FOR*MAT43OA9ZIMF4.UX CUNM.(.U.NCL TtST//10AI4JHNEW FLUA *9,0)4.*94 (.4)4. at?

A12H OLD FLUA a9G11..9VM LRWU4 m*.F6.411 GUI. 016
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4EIIINU 4 4.01. aiI
IF (ICEI(.&U*01 4*0 TO 5*5 "L11 age
IF (IGAV*GI.0I CALL. .4(AINING9 MILTCH) (.4)1 3
IF (MIHN'41T96(.IG)L(991) WM TO 1001 WL)1 444
OtAO (5) (CU(LILNQ6I.~dlAXUMA*V.M4T.M #ds
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779, FO*4M~tf///J4.4 PROP4AAION STEP H4AS dELt. APP3LIEU/ OA91ZMOCA.C FI. W*L4 672
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14. SUBROUTINE rNTERP

a. Purpose -- Subroutine rWEiERP performs linear interpolation on two-

dimensional real functions and on the real and imaginary parts of two-dimen-

sional complex functions. Figure 32 describes the subroutine INTERP organiza-

tion.

b. Relevant formalism -- Consider first the one-dimensional case in

Figure 33. Assume the function value f is desired at a point x*, between

points x1 and x, with associated function values f and f,, respectively:

Linear interpolation between fI and f2 yields f as

(x - xl)

f(x*) 1  (x, - x) (f, - fi) (108)

where the z is used since we are approximating f over the subinternal

(xi ,) x).
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INTERP

INITIALIZATION INTERP. 2 INTERP. 29

LOCATION OF DESIRED INTERP. 30 -~INTERP. 43

REAL INTERPOLATION I NTERP. 44 -- sm I NTERP. 56

COMPLEX INTERPOLA-
TION (TZ IS ASSUMED ITR.5 -oITR.7
SINGLY DIMENSIONED INRP57-ITR.9

AND REAL)

c RETUR

Figure 32. Subroutine INTERP organization.



f2

f(x)

- I I
X1 x X2

Figure 33. One-dimensional function case.

For the two dimensional case in Figure 34, subroutine INTERP establishes

the location of the far corners of the rectangle bounding the desired point

(x,y), then linearly interpolates across top and bottom to find the two

values at x. It then interpolates between these two points to find the value

at (x, y):

344

i~ 10,= (X, ,Yl ) "-=->f, - f(x ,yl ) (109)

i 2 4 (x 2 , 1 Y ) f 2 
= f(x 2 ,Y1 )1

ow~) etc(x,y) Position of

Desired Interpolate

i2
f BOTTOM

Figure 34. Two-dimensional function case.

(x- xI (f4 - f3)  (110)
f(x'y 2):u fTOP f3  Tx - x

ff (x - x )I (Cx~- 1) (f !1

BOTTOMS I x
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fBxy) = BOTTOM Y ] * ToP -o BOTTOM)

C. Fortran

Arguments:

TXY = an array containing coordinate information

(XIN, YIN) = the point at which the function value is desired

TZ = the function to be interpolated

TYPE a 1 real

= 2 complex

:Z = two element array containing the interpolated

value.

Note: If TZ is real, ZZ must still be dimensioned to

2 in the calling program, then the first element used

as the answer.

NSYM = I symmetric,

= 0 nonsymmetric

Note: Interpolation outside the region of definition

of the distribution returns (0.0, 0.0) as the value

of the interpolate.

There are no commons and no other subroutines are called.

Computer printouts of subroutine INTERP follow.

SUBROUTINE INTERP 76/176 OPT-I FIN 4.6+452 04/27/79 12.23.47

SuHRJuTINE 1NTIMI(TAYAiN.YLNmftItYDtLZegbYMI INFEMP~ 2
c LNIEP 3
C THIS IIOUIINL. UVLS A LIN'CAW LNIERPOLAf [UN ON I'ME INrLM* 4
C AMWAY Tj TU FNU THE VALUE L Ar AIN9 YIN iNrtw 5C IME(A#Y) GMIU 0t; rZ IS CUNrAI,4LU IN Ift AmWAY TAY LNFEWP 6
C AS FOLOWS$ ANIERP

C TXVIJ) a NY 9 RO OF r1U|Nrb ALUNG Y-AA IkH tof
C TAY(%) 8 NA9 NOe OF 1Aolrb ALU140 A-AAI ImiJM10 LI
C TAYU11 8 Y41)9 MIN. Y VALU INTLRP It
C rAXtb*NY) a Y(NY)9 MAAe Y vALUL INIEMP 13

!C TXYI1j*NY1 a A4L ) MIN* A VALU LNtEW10 14

C TAY(40NY*4AJ 8 A(NA)s MAAe A VALUE 1NfEWP Is
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C NO Zh "AA. UII4INSION UF FIRV VANLAdLE Lim TZ(1..j) LNTEM 16
C IYPE a I TZIS L~ AL AMAY LIOEMPh 17
C a g TZ IS (ON.'LEA ARRIAY 4NrNIP 1a

LEVEL go UtL.Z Limrk.N If#

DA a TA~t()'GhO LNFERIl 24

N4A a TXY(4)*.0000I INTER## Z7
ZI) a LNFER'P 2W

Z a a. LArEN.' 29
C TEST To bEE IF AIN*YLN LIE 01IHIN JLFINLU US REGION 1N1114P 30

1F(ALf49LI.TXY(S*NY) Go rv LOG0 1NI110 31
IF(XL~ftoTT( 4*fX.f4Y)1 isO TO LGOU INIER' 32
IF(IN.Lr.rxAt(SP W0 TO LOGO INfEMR 33
LFIIN.41II.0.AHNNS'rEQ*L) G4) TO LOGO LfPr. 34
IF TN0~~Jv. AQt ~.Q (I? TO 1000 INfEMP is

C FIND POSITION 0*- IN97VLN IN (0MW INTEM' 36

11 a L*4AIfm-rAY(b.NTivY.'OA NE 3
AI a Lo(T1N-TAY(511/UT IftfEMP 36
LF1PIA~J.NAI 11811-1 INtl.'.' 39

SA fA1N-TAY~je*ItY))UA LNtl.'. 41
SY 8 (YT4T5TJ14)J/UY IN(ERP. 142

c Fimo rz VAALUES AT l1.111.vJI.A1*I INTEMO 43
IF(TYPE*I.CU.'LA) ijO TO duO INfERP. 44b

c rz IS N~EArMO Ab REAL ARRAY INtE.'. 45
IJ a ILNAO(JI-1) INfEMP. 476

Z4a TZIIJ*IT LNIE4. 40
I LI1'NA*(J) LNt1140 49

IF Ijlur JaILJ-NA INTE14P 5O
13 a (Ij INtl.'.' bi
14 a TZTT.jok) INfEMP 52
ZA u Zlo'bAOUil) LNtl.'.' 53
4d 9 Z3*5A*(Z*-LJ) I fil.'.' b. 6
ZZI a ZA*S1*(Z-LA) (LP b
(10 TU lboo INtEMP. !10

zoo CONrINUIE INIER60 137
C 11 Ia TWEAT~U A5 CUMLEA AM~WAY I N tl.. !28

IJ aT 114(LH-I LNTEN.' !20
ZA TZ I .J) jiNrl.'.' b0

lid Til(1j*LI I1410410 61
CZI aCMLA ILAZId) iN rI.P a?
ZZA aZ LIj~d) Irm tN 63

lit TL(ti~j) LN1EW 64
CU4 a Ci,41LA UgAoldd) INTEWPt 65
IJ a rYPt*OdI*N'A*JI) - I INUl.'.' 66
IF TJL.WM.Y) IJALNfATY'I INn.'' ft?
ZSA a rzuI wi 11TE*RP 60
Z30 a TZLIIj. INIEN'. 69
CZ C,*LA(ZJALJW*IMWP t

Z a CM.'LA4#414U Intl.. ?I

CZA a CJ1.*SX0 1(LZ-C1) Lt4IERP 14
Usa CLJ*4A* 4C4-CiJ* 4E0 ?

CZJ a C4A*S*ifCLW-CZA) INfEl.'.'
a(I 2 EALICZZ) INtl.'.' 7

Z412) a AIMAOICZZ) INrFI.'.' to
1000 RLtTU.'NL4tE40 T

I -v W~ERIP 60
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15. SUBROUTINE IPLOT

a. Purpose -- Subroutine IPLOT has two major ourposes: One is to create

a printer iso-intensity plot. The other is to find the maximum intensity and

to print the first title used by subroutine OUTPUT. It also contains the

necessary information used by both subroutines OUTPUT and OUTPUR to determine

whether a particular slice plot should be printed. Figure 35 describes the

subroutine IPLOT organization.

b. Relevant formalism -- The output of this subroutine is an array of

one-digit adjacent members with at least one asterisk, which indicates the

maximum intensity points. The numbers indicate relative intensities.

c. Fortran

Argument List

The only argument of subroutine IPLOT is the parameter IPLTS which con-

tains the information needed by OUTPUT (and OUTPUR) as well as IPLOT. IPLTS

i7-led with zero to five digits, each of which is 0 or 1. If it is 0,

t.ie indicated plot is not done; if 1, it is plotted. Assuming that the five

digits of IPLTS are written ABCDE, the associated plots are:

A: Radial (calls OUTPUR - not available)

B: Iso-intensity

C: X-axis slice plot

D: Diagonal slice plot

E: y-axis slice plot

Common Parameters:

The only common modified is CFIL due to its equivalence with US, the

intensity array. The other parameters have then usual meaning including

PLOTSG.

Recall: PLOTSG > 0 - intensity slice plots

O -= no plots

< 0 - amplitude slice plots

Subroutines called- NTTP!T, (n(TPT.

Computer printout of subroutine IPLOT follows.
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ZNALIZATION] LROP1 22-LROP1. 43

DETERMINJATION OF
WHCHPOT AETO LROP1, 44-aLROP. 57
BPERFORMED

FND THE INTENSITY LO1 8 LO16

ARRAY AND MAXIMUM LO15-LO16
INTENSITY j

__________T_________

50 INTENSITY PLOT JLROP1. 68-LROP1. 79

FOR NPTS -64 J__5I__
150 INTENSITY PLOT
FOR NPTS -64!ALSO LROPI 80-LROP1 85

WRITES OUT
COORDINATES

CALL TH-E APPROPRIATE
SLIG PLOT PROGRAM LO1 6fLO1 0
USING AMPLITUDE OR RP.6-L P.10

INTENSITY INFORMA7ION

(:RETURND

Figure 35. Subroutine IPLOT organization.
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SUBROUTINE IPLOT 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47

5SrnHOUTINE 1hPLOTl(L05 WWIp d2
C 150-1NTE14b11Y PkNIER I'LUI LuaI d
C TMIS NOUlImt~ "AIEb A 104NL )&LOT Ul' ir~trbir wmo rt utoir LN060 d
C l'HINrkL * Au 15 Uk.CILL UF WtAA i~emmmuTV FOR THAT e.LL'4etmt. LRUPL t

LLYE.L 29 CUN.US LMUPI 9

CUMMUiWAYWftOW9NEGoHApr TN LNUVdo
COMMON /OL1S1(/ lPLUTSi, 6OP1 e
ULIMENSIUm US4IftJd4 )91L(lbul LNUl'1 30
1NTE4EPl 1198LANRt.OUT LMUI Si

*LOWCAL 1SQUW.AAA1SvOIAG.YAALb*HAUPLl LKOPL JZ
COMLEX CFIL I.NUPI 33
EuUIVALENC.(CFILI I )*Ubt L )l LHbUP1 34
DATA LUCU / 4"W /*LUCUA/44MX /"p is491 5
IF (NOTsGetQ.o.) "trumN maw 4$ 36
IMUPIAIBCDA LNU0 I j?
WNL.I notALbE* LH1W1 38
ISOIPU.FALS.. LWUPI, 39
1AA158.FALS.. LHO419 40
ULAGO.FALSE* 1.140911
YAA ISm.FALS. &.0NCW10 4
IPLaLPLIb imNW'1 43
IF (LPL*LT.100001 VUi TO 4YU tNUPI 44
RAUPLT a .TRUIo L.140P 4
1I'L a [PI. - 10000 LROI 40
II4UNA 2 LOURM 1.1409 47

ZV I L't.LT.10uuJ 0 TO 3QU LMOP09 40
ISOIIJs. TMUe. Li4U101 49
VAL 0 VAL. - flI LWOP41)90

300 IF (MoLLT.luio 50) TO #,QU LNU4091 51
AAXIS a*ric L I.uP1 52
[PI. a [91. - 100 LHOP09 53

4410 IF (LPL*.10LO (jo nO QU L.40PL seo
OIAGm .TAUE. L.140PI b5
IPL a 10L1 - 10 w.41)91 so

500 IF (1L.NE.01 YAAISU.TRUE. LHOP09 by
Plej.14119d LR1409 so

AOA F4-ATS L.140PI 00

NUOSP49TS&SPY LROP09 01
AFACT&I. LAP *a491 0
IF (~N0Ed1U.M0C.)AFACTuI./WNOW**2 LROP )1 63
UMAAOU. L.140P1 64
01) 1 jul.NQs 1.MUPL 6b
USI)13 lCUN(2*j-I1*~*d CuHtid**-) *IA1.t 1.1409 00

1 UNAAaAMAAI(UMA,*JS( J )) .1409 07
IF l.ie1).isuApJ GO TO 90 LR1UPI, 00
UMAASUMAAV1G0 1000 o091P 09

5 FOR14AT19A#AI ) LMUP09 it
£FIPY*.K041b0 [W 99 UM1409 72
00J 4 .J8l,9TS L.1480 1 73
O 2 ImlsfNV L940P 1 74

12 a .j * (IP*0NOTS t."00I 02
2 I(I~mIU.*USl LZ)/UAA 1.141191 6

FONNIC6J 1A.IOIJL.ZA,041) 1.4a91 17

3 FOH!4AT( IX91U l LCL GL54,gLA o14/4.1411P1 ?a

99 0014 JlvewS LHP14d



IF (PLUT$.GFo*.U) 00 TO 1*Uo LNUPI 59
IF I.NUr.RAUo) WLfr (*ofL)

7 FUwMAr ( LNUPI 91
A9UIrUAPILINTU( PHASE PLUTfLU IN rmt A-ULMtCTION rMwUubm rNe CEWNt LMOPI 92
AR UF UCALC (JaNSr /9) L4UP1 93
UMAAAaSQNTIUMAA) LWUPI 94
GO To 15*0 LNUPI 9b

IbO0 wRITE 4697861 LMQP1 96

166 F4W1MAT ( L140PI 9?
90uILINTENSITY. NA~A PLUrTEU IN TI A-01tCTION TMMUUGM TE CENTE LMUPI go

AR 00 DCALC iJGNV.'r/J LW
UAAA U U4AA L04gP 100

ibbO IFIN G.',(o0.ANU.,'L#f56LT.u.) UMAAA&UJMAAA*WNOW LMUP1 101
IF(NNk.NE.4ANu'PLU1bGo~t0U) UMAAAmUNAAA0WNOwe'0 WOUPI 0
IF ,n0t.1ADL*.T) CALL OUWUT ILUAorPYWt.9 TlA.J9UMAAAAAA 159UiAV, LSOp1 103

A YAAIb I LMQ0 1 104
IF (RAOIUP.) CAL. OUTINICUM.N.*',, YN5VAUNAAA.AAAAIS.UIA6.YAAISI .NWI 109
RETUMN L.WP1 100
ENO LN$J1 107

lb. SUBROUTINE KINET

a. Purpose -- This subroutine calculates the kinetics and loaded gain

in the gas dynamic 'laser cavity. It is called by GAINXY for either small

signal gain calculation (along a single stream tube in the x-direction) or

full field loaded gain along several stream tubes. Figure 36 describes the

subroutine KINET flow chart.

An intensity field IC and previous gain field (CAN are brought in from

GAINXY and are updated by recomputing the kinetics and gain in the cavity as

a function of these updated fields. The population rate equations (i.e.,

the equations showing the rate at which the energy of each vibrational level

is changing) are numerically integrated along the x(flow)-direction. This is

continued along the x-direction until the end of the calculation region

(IXMAX) and is then redone for each stream tube in the y-direction (if full

loaded gain is requested by IFIELD 1). The full gain field GAN (I) is

then updated.

The assumption is made that the flow area of the cavity is constant

through the region of interest for all kinetics calculations.

b. Relevant formalism -- Gain is calculated in the x-direction from

nozzle exit plane to the end of the region of interest IKMAX at a constant v

value, as shown in Figure 37. This is done along only one mid-cavity stream

tube for small signal gain calculation and at every y-value (TY) for the full

field loaded gain calculations.
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Figure 37. Region of interest IXMAX.

Rate equations are set up for each level which describe the energy in

that level.

Eupper [j tl [dE(11dt =. v-4 L[- v-v FdS.E.

lower j + t[ (112)Lt d v.T+ [4dtJv [ S.E.

dE [dE1 [dEl
tN 2  I~v-T t v-V .113)

The energies of each level EN2, EOOV, EVOO and EOVO are updated at each X

step, i.e., the AE change is computed and the corresponding heat addition

(local temperature change) is used to compute the energy in the subsequent

step.

The stimulated emission energy rate can be used to determine local

intensity change and, hence, gain. Energies of levels are described by

population densities n and nL
u

d I I-" ,I "
dl._. h, n (J) I LUL)Lu -fu "UL()BLu (114)

5uL % 1

1.91
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where I is the specific intensity at the frequency v: nU is the population

density of the upper level; nL P that of the lower level; AUL the Einstein co-

efficient for spontaneous emission: BUL' the stimulated emission coefficient;

and B LU' for absorption. The quantities nUL' NUL and 0LU are the line shape

functions for the three respective processes, which are generally different.

Characteristic times for the spontaneous decay of low-lying vibrational

states for molecular species of interest are of the order 10 to 10

second, whereas other rate processes are typically much faster. Hence, in

the equation above, the spontaneous emission term generally can be neglected.

Also, for the aresent analyses, interest focuses primarily on photon pro-

cesses occurring at line center. At line center 0 = n h. us,

d~a2h) IB n -B n I 15
B LU( UL u LUn Vo

The factor multiplying I is the optical gain coefficient, viz:

gUL= hLU'o f UL fu - BLUn L] (116)

The Einstein coefficients are connected by the relationship

ILU du (117)
B UL d L

where dU and dL are degeneracies (statistical weights) of the upper and lower

states, respectively. Also, it is possible to write

8 3

BLU 77 LUI
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where RLU is the quantum-mechanically-derived transition matrix element.

Hence, the gain expression may be rewritten as

2 n u  n L

8"L 7 (CT) LU U du  L

or

V) _ -- vo IV o RLU l2 Xv (120)
Sgj "h c LU I d "d.I

Consider vibrational-rotational transitions of the form

(v+l, J) (v,J)

where v is the vibrational quantum number and J is the rotational quantum

number.

Then

IRLUI 2  S I IRV, V~l 12  (121)

where:

J for P-branch transitions (i.e., J' a J + 1)

J + 1 for R-branch transitions (i.e., J' - 3 -J )

R v v.l 0 vibrational-transition matrix element

At pressures of a few torr or less, transitions are oredominately

Doppler broadened. At higher pressures, the combined influence of Doppler

and pressure (Lorentz) broadening is present. Therefore, the line-shaDe

factor 0 LU (V 0 is represented in terms of a Voight profile such that
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-0 exp 2 erfe (O) = j (U) (122)

a 001 + 00 J (J~l) 8001 (Y~l) (124)D 0 n 01 01rot rotJ
(9 0 o0 .020)

L rot J

~001 -1I00

aCO2  " C02  10.5 X 10 "I15 cm2  (124)

001 -0200 (125)
'CO2 - CO2  10.2 X 10"I1 cm"

The influences of Doppler broadening and vibration-rotation interaction

have been taken into account.

where

_Z (126)
aD

a= pressure broadened (Lorentz) half-width
p

= 27c s s as

aD = Doppler broadened half-width

mIo kT _=n2"

vs is the mean relative velocity VT7 ) between the emitting molecule and

the colliding species; X is the species mole fraction, a is the broadening
S S

cross-section due to the impacting species s; v0 is the transition frequency

at line center; m is the mass of the emitter molecule; and M is the reduced

mass between an emitter molecule and the collider molecule of species s:
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4s
mmfr = m m s (127)

The optical gain coefficient may be rewritten as

g(V j_ 8r3 (. t s, IRV iv 2 [nviJ v.j] (128)="h'- 2k-OkkT/ ) Sj 'Rvv+11 d dj

Here the quantities V and J in the expression g(V,J) indicate the lower

levels of the transition.

In treating the populations of the vibrational-rotational levels, it is

assumed that the rotational mode can be described by the local translational

temperature T. Hence,

(n~j d ex p 1l.439 J(J+l)(Be- 'Ae "v+ ': /TJ n (19

Qrot 7)

where B is the spectroscopic rotational constant (cm-l, and a is itse ()e

anharmonic correction. The quantity Q(V ) is the rotational partition func-
rot

tion, which is evaluated according to the relation

ot ) = (2J+l) exp (-Erot (J,V)/kT) (130)

The populations can also be represented by:

S J.l 1 ("J(J+l) e (131)

nvJ=v J  nV  o(V) kT roe:

I rot
Where,

-ihl .. .5



Q(V) T
rot (V)

rot

g~j gV T (rot.)V = characteristic temp. of
state

nV

000 v vT = vibrational temperature ofgv oo V State

g V gVS represent degeneracies

For the transitions

CO, (001,J) CO2 (O0,i)

CO, (001,J) - CO, (02 0 0,JUl)

the pertinent constants are:

R 0.0331 x 10- 18 esu-cm0O01,100

R001,02O0 a 0.0295 x '10-18 esu-cm

9 0 0 1t = 0.55632 K

k(02 0) . 0.56106 K
rot

8(100) = 0.56078 K
rot

8 001 - 3380 K elO 0  = 1997 K

020 1850 K

The expressions for the gain coefficients on two transitions are
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-00,J 4
0015= (0.79 X 10-1

4 )Im(1 - 0.0044m)T 2n X 0 0.55632)

exp T 0  J(J4 l) (0.55632/T - (0.56078)

exp T- 0  J(J+l) (0.56078/T (132)

020,J'I 14oo

g0 201 J = (0.63 X 10 )Im,(1-0.006m)T nX

[0.SS632) exp 3380 _ J(J+l) O. 55632/T

-(0.56106) exp 0 J(J) (0.56106/T (133)

where m = -Cj + 1) J' = J + I (P)

M = J J' = J -1 (R)

n = total number density 
=KP

Xoo00= mole fraction of ground state CO2 (from program)

P - 0,2,4,6 ..................

For largely pressure-broadened line, 0 may be expressed as:

ft/1 1- . + 0.75 1.87S 6.5625 (134)

2 4 6 + 8 ...

Argument List

XIC The field (matrix) of individual intensities in the

calculation region

GAN Gain (updated) of each of the point locations of the field

IXMAX Number of points in the flow direction
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DXCAV The distance between points in the x-direction

IFIELD Indicator for small signal gain (IFIELD =1) or Loaded

Gain (IFIELD A 1)

Iy Number of flow streams, i.e., points in the y-dimension.

Commons Modified

/PROPT/

TS Static temperature in the cavity (K)

PS Static pressure in the cavity

V Gas velocity (cm/sec)

RHO Gas density (gm/cc)

RHON Number density (particles/cc)

/ENERG/

EN2 Energy (population) of the V = 1 level of N 2
EOOV Energy (population) of the asymmetric stretch vibration mode

EOVO Energy (population) of the bending vibration mode of CO.

EVOO Energy (population) of the symmetric stretch node of CO.

/RATE/

RSTIM Rate for stimulated emission.

SUBROUTINE KINET 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SVNwUTINE KIN~t(A1C#4aAN.1AMAAUALAV,1FIELLYL KI1NET
C CU~ KINETICS uui AINFT 3
C rTNIS POUI1I4k CALCULATES iW,. 4aAN (1U.ft AS A FUNCTION UF KIN.trIC INET 4
c ^No tiTIMULATALU tM~ISSIurN tiP45 KINET 5

LEVEL it AIC.GAN KLN~t 6

CUMWNo4dStAI4TlTS1Pl.*3 LtE LEu V1,uvLEVOoI.I O^bANI h mET r
CUMNMuLk.sAN4, CUZ. AJ4U. ACUAUd INEt 9

cuNiftCN4/I~,~.uv EtjU,~gQAINET 10

OLNENUIUMn GA14 I b.AIC(I L .SUiv(L'0) IINET 13
IF(IFIELU Ago. 1) LYGL AINCT 14

C tF(IFIELLj .50.* 1) CALL ZENUIALC( I )oALC(163801) ALNET Is
IF 111l1ELOOgE01) TMJ to 114 ALNET 16
DO 173 IZENO8I.16J84 RLMET I?

113 AMCIAkM01 a 0. V.LN(? Is
114 F3 a gJ4911W'4U ALN( 19

P*A 1.J6SEWIu/H4 KIET 4
FS a OARMAOR K~tT d
Pb a ANWiA% KILNCT 22
F7 a XCu4023490 KINET 43
Do 200 J819LY KINET 4PS PS/Iir*,1s 1111 26

GAI 4 IN I KINW* a

U2 8 VS9*6 I' ALUII(1.*ACUi*I3J4./EQVUI3 sOUTICY Lo15



EGL a ((iV0l * EvOGI AlierT 32
Em a mlAL14(r 33

(VOO0 a eyOGI KINE-T 34
(Uv0 a EUuol Aii b
Euov *aa OV fu(t 36
A a 000 AINET 37
SumOEY a 0.t? KFdt 3
10*11 a 0 Klt,&t 39
ACAV a 0.0 KlNEtf 40

10 10AI a LbWARol 1 IANC 4i
ACAV 0 UACAV*(IdAk-l)UACAv.~ Kjr'4ET 16
ZFIXAV.LT.A) 6,0 TO 100 KINET 43
CALL MIA KINET 64

20 G1 a GAIN f(ANE? 49
Fl 8 EAP(J3b4.T5) KINET 40
FR 0 EAP(3300./'TSI KINEt 47
l F(IIAR.LQ.1) 40I TO 6 KtINE? 46
liJ a (X*UACAV/id*.hUACAV KANET 49
IP a LJ'IJ1)OIAMAA MRtOET so
Al NAICC 110 )*(ICC 11041)-AAC4 IR )?/UACAV0(A-J.ACAVII3ACAW/2*) KINtET 51

40f I KINET 113

6 AL a AIC(1.(,J.1)*LAM4AA)'A/(UA(AV/'d.J AI ET r 4
I CONTINeUE R INF. t 99

SumI a SvMO4Ev KANE? 56
OT a I.(.*M~(C~mtMo(T01 KINEt S?
Ewr~a a XA'4lF -L.)*d3JI* K LNET r

QUuOv a ACU~d*dJ49./lFJl-. KLNET b
EUuvii a ACU4*jJ4./(tAP9.b/f5)-l.) A1 as)
AA a I.-NZ/%N4 KIN-T 6 1

rAd a I.-choov/EwuOV KLNtT 6
EO'SL a -d5.9j/T% PINEr 623
YA a K.I/loL~4tJ 04
Yd a I.-L./PZ PANET 1
AA8 a L./YA*(AA-A0-4LI$SL.Aia*(At0-A.)I/1FI 11 KINEI 60
AAO a -YA'bAC~j*AA0NPIUMl0 ANE? by
AdUUr 8 VWi*A 4,*tAI'(tPiL) AAWI4I1UM4h KI1NEr o
L)ENZM# a I(N4-tsNjm*MNd*Ul A Ift 69
Ot'e4 a E(Nd*AAUUT*ur # uKArjo1 NE? T t
FLj At XI*AI*N.'IIHUh LT ?
DEuOV,4 x t(0V-tQOOV)*0aCJour KjN~r 12
OEuQV * UEVUvw *1F3*FlU.tiUuov*X0uUti*OT KiNEr /3
UEUVO a (UYQ-EJuVU)*WC90UT KIN~t I #
UCEaL 8 U0VU-L.U94e0ftNdM-.u66.UEUVM-F.*'1uUrU Kr.4ET 15

tvea Emi!-OEmZ K ANET 76
EGUy a EUOV-UEQUV KiNET r?
E44. a E.GL-Ut.haL ItN~ 10t 7
SU140EV a SU14UEV * UEIJVU0VL.VdlE16*'VNUNV KANE? 79
DA a v*OI KLNE 1 80
A a A 6 ui KANE? SL
PS5 a pboA.u13EU6 KLN(?f 0.1
0EV a OEUV0OT*I.AVOI'E8 KLNtEt di
0 a w*V/'Ifb .1110KLNET 04
POO a OEVCIITS 'KIeET ob
v a V-PP/Q0V*UT KI4fJ do
PHUJ a RMJOP'fQ*w,0*Ui ANfel 67
ROM a An11(1/F RINE? s
PS af I'5.ISP*fjAMNA* toot*) /(OUV RINTE 6o
TS a OI5MMiNg AINt 90
PS a R I X6GLE AlwT 91
Cr412 w -9".d/Tz KINET 92
ya C11 KINEI 93

* LxI't77./I/?S) KANET 91b
31 F8 a EXiT Ame 99

F9 a (A8*.11/ ANET (06
FA a G-C~(J8/F*.*AAILJ.I81) KINET 97
F141 a ACK~70*4(9A)*dA3.Fdt-.*2 INE? 96

O a -ria1 K 11E t 4i

VfOLD a Y ANE? 100
Y a YULO - FA/Fl#A ALNE? AO1
IF (AdS((Y-YULD) / Y).GT. I.L-J) is% f rJ SI MNE? 108
Ta a .9b99.8 / '1 MNE? 103
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T1 0 IJdd./(I13'b4.i4 * .lb KINET L04
EVUt) a LJ08.*ACU4/(.AP(tl'?. /T 1 19) KiNcr Los5
EOU'~ 4 ACO2*34./(EA01t.d /T.0-1.) .K1NET 106
CMIJ a Y AINIT 1407
C4411 a d. *CH142 - 11.71 /TS eqr.IT 106
Q1 a I./iI.-EAP40410) KINEt 109
Q44 A I..?1.-tAiJ(CH143) UtIN~t 110

Ti a -33d0./AL.U14(L.-L./Q~J KUNET iia
AOUt) 4 AC4(1O*U*.3INIt 11i
*I'AO 4 C4'NNOMUN K UNEt £14
jwNw a *84960AVAU KINET 115
1FtwoNm.4ai.1u).) 441 TO '4) l4 UI 116

P" EAP#(WOMN4*0tFC1aUOv4M KUNIT 117
Go ru 4L MNtt im1rli

'.0 O"L X 0.677&##iA6AO I% LNt 1 119
41 CONTINUE ".1NE1 144)

tFACT a IS*-.b'NIT 141i
GAIN a (J~46F~*MNAJVO"**!b*AI38*T-Ofl.ri KLNET 122

41441%i a fGCUNOTACTeO"*EIA#(UTUI/1)bO.36 KINET 1446
MHT1M a A1*t1LGS/1r4O.r 'UNIET 145t
IF(A.LE.ACAV) 00 TO 40 KILNET 146

100 GAN CLtSAW*(J-1) *IXMAA a vA1N-((iAIN-400)(A-ACAV)/UA 1% NE T 117
SVIIZAN U NOV-Sur4i -SU4Ut.V)(A.CvU 'UNET led

IF(1dAk.&.U.1AMAA) GO T0 JUU 'UNIT 149
GO TO 1') 'UNET 1.30

JOO 00 301 I a 1.IAMAA 'UNET 1.31
401 AIC(I0(4.I4OIAmAA ) U tUvC1) I1NET 143
44)0 CONTINUE 'UNIT 143

C UO 60) JOL91YK 'UNIT 14
C wet ITE (6*.40!2 (XIC(1fJ?.131,LA?4AA) AI1141 145
C UNILTkA6,4.31l(GANL,,Ji.IsIAAA3 KINET 1.36
C 60 wWIT1~6924',)IUEVI) *ISLP1AMAA) 'UNIT 147
C amINT E (6 40 1 ) A 9 NZ 9 t0J V o L 'UNIT 148
C .WN1TE16.4)rsqTsqy~.VbfimO. 'UNIT 1S9
C 20)1 FUOMA1(5M,4'.--NtT-- XtN49t00OVtL95A94EIh.5/) 'UNIT 140
C 20)4 FOMM4AT(IUA.4M.--'UNET-_ rs9PosV#HHUQ95A95FI1.5/) 'UNIT 1961
C ZU3 FOHMAt (IVA*LJH--EU'iIt-- GA1'/(L0'U4.4#/)) 'i( y 14a
C 20)4 FOWMAr(I0As14H--K1Nf.T-- !)UL/1UIt.1.4/fl 'UNIT 143
C 405 FUWMAT(1UA*I9P'--#;ELU 11I'1iI"ilY--d5(IOI.A4.4&/f 'UNIT 144

RETONN KINET 145
ENO 'UINI T 146

17. SUBROUrINE MIRROR

a. Purpose -- MIRROR applies a mirror transmission function to the

complex field which may include reflectivity, clipping, radius of curvature,
edge diffraction imaging, small tilt, astigmatism, localized surface distor-

tion, and overall spherical distortion. In addition, two specialized options

have been included: (1) a toric mirror effect for axicon optics and (2) a

mirror dimple effect which enables a localized difference in radius of curva-

ture. Figure 38 shows the subroutine MIRROR organization. Computer print-

outs of the MIIRROR subroutine begin on page 168.
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CALLED FROM GDL MIRROR

IF DISTF < -10.0, EDGE
DIFFRACTION IMAGING APPLY EDI EDI. 1 EDI. 30
WILL BE USED

CALL APRTR
Rout, Rin- >0. (SEE APRTR MIRROR. 19 - MIRROR. 21

SUBROUTINE)

TILT ANGLE WILL BE

APPLIED HERE IF ANGX MIRROR TILT MIRROR. 22- MIRROR. 55
<L 100grad. AND. ANGY
< 100 1rad.

DOES RADIUS OF CURVA- T
TURE CHANGE WITH POWER DEPENDENT
TOTAL POWER? IF SO, SPHERICAL MIRROR. 56 -MIRROR. 113
DELTA > 0 DISTORTION

LOCAL POINT DISTORTION
DUE TO INTENSITY FLUX DEPENDENT
DIFFERENT FROM DISTORTION WITH MIRROR. 1 14--MIRROR. 141
MIRROR CENTER WITH ASTIGMATISM
ASTIGMATISM

LOCAL INTENSITY FLUX DEPENDENT
DISTORTION WITH DISTORTION WITHOUT MIRROR. 142--a-MIRROR. 156
NO ASTIGMATISM ASTIGMATISM

NO LOCAL INTENSITY ASTIGMATISM
DISTORTIONS; ASTIG- ONLY MIRROR. 157-MIRROR. 171

MATISM ONLY

Figure 38. Subroutine MIRROR organization.
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The routine first tests for the option of edge diffraction imaging in

which the outer annular edge of the mirror has a radius of curvature dif-

ferent from the mirror. When this option is used the MIRROR subroutine must

be called separately to apply EDI.

The subroutine must be called again for the rest of the mirror.

The routine then apertures the field to the size of the mirror and

applies small mirror misalignments (angles less than 100 microradians) to

the field. For large angles, the angle information is stored in ANGX and

AINGY which are located in common MRPROP and used to later determine the

location of the center of the field. The field itself is not altered for the

large angles.

b. Revelant formalism -- A distortion-free mirror is applied to the

field in Figure 39 by changing the optical path lengths of the field points.

For example, apply a convex mirror to a plane wave.

Incident
Phase Front

Mirror

\\ Reflected

I Phase Front

Mirror

Figure 39. Mirror transmission function relative to the
complex field.
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Note that the field at the edge has traveled 26 more than the center.0
The size of the sag 6(r) (Fig. 40) at any point r can be found from the

sag formula:

2 R2 2 (135)(R c - ) + r = R c

2 2 2
r x +y
2R7 2Rc

Rc.8
2 +r 2  R2

r2 X2 + y2

~R c=2RC

Figure 40. Graphic representation of SAG.

Thus, to make the center of the field lead the edge by a factor of 250 ,

the following transmission function is applied to the field:

2 x Rx + y2  (136)

u (x,y) = T(x,y) u(x,y), T(x,y) \ c

The sign convention used is a negative radius of curvature for a convex

mirror. A concave mirror has a positive radius of curvature.

In addition to curvature, the MIRROR routine can apply power or flux

dependent distortions to the field.

The power dependent mirror distortion can be applied given the center-

to-edge maximum sag, DELTA, determined by design power, PWRDES. The incident

power is then calculated and the sag reduced by the ratio of incident power

to design power. For a ratio greater than one, it is assumed that the sag

is that of the design power.
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The flux dependence is applied assuming a distortion factor, DISTF,

which weights intensity changes from the center of the field and thus applies

an intensity-dependent nhase factor to the field.

Astigmatism can be applied to the field in conjunction with the local-

ized flux-dependent distortion or can be applied alone. Astigmatism is

included if PHIAST is input (as a number greater than 0). PHIAST is the

angle between the mirror normal and the optical axis (in degrees). The phase

is altered by astigmatism by computing separate (sagittal and tangential)

radii of curvature for the mirror and applying to vary the X and Y component

of the phase field, respectively.

Argument List

ANX Mirror tilt in X (about y-axis)

ANY Mirror tilt in Y (about x-axis)

RADC Radius of curvature of mirror (cm)

RIAOUT Outside radius (cm)

RIAIN Inside radius of annular mirror (cm)

XPOS X-direction offset of mirror centerline from optical

axis of beam (cm)

YPOS Y-direction offset of mirror centerline from optical

axis of beam (cm)

RFL Mirror reflectivity - fraction 0.0 - 1.0

DELTM Total power spherical distortion factor

DISTF Flux distortion factor - local intensity distortion

f(Ilocal - Icenter ); (cm/IV/cm )

"ANULS Radius to annulus for toric mirror option

RYOUT Outside Y-dimension (from center) for a rectangular

mirror (cm)

RYIN Inside Y-dimension (from center) for a rectangular

mirror (cm)

PHIAST Angle of beam with respect to mirror normal (deg)

Relevant Variables

AKY 27/WL = 2r/X where v = 3.14159

INGX Accumulative x-dim angle to trace field in cavity

ANGY Accumulative y-dim angle to trace field in cavity
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(-P Cosine of phase change

CUR Real array representing the complete wave amplitude

field, i.e., Intensity (J) I CUR(J) ] 2 ( CUR(J-I) 2

DELTA DELTM, total power spherical distortion factor

FMF Square root of mirror reflectivity

PHASE Phase change at each point of wavefront

PHI Phase change in TORIC MIRROR and DIMPLE calculations

PPW Integrated power on mirror

RADCUR Negative focal length of mirror ( -f)

RMSAG Sagittal radius of curvature (astigmatisr)

RMTAN Tangential radius of curvature (astigmatism)

SINP Sine of the phase change

WL Wavelength, A

1NDW Magnification factor for scaling power
xx x2; x-component of location, squared
yy y2 ; -component of location, squared

Commons Modified

/MELT/

Array modified CUR(I) 9 MIRROR 50, 51, 98, 99, 139, 140, 167

/MRPROP/

Variables modified: RADCUR 1 MIRROR 115

ANGX @ MIRROR 25

ANGY 9 MIRROR 26

EDf (Edge Diffraction Imaging)

Power near the outer edge of the beam that would have been ordinarily

lost through diffraction is partially recovered by incorporating a separate

radius of curvature in an outer edge annulus, as shown in Equation 137 and

Figure 41.

A [22) 21A n  "Rin /DI (13')

W 2,
n \
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RE I

Figure 41. Edge diffraction imaging.

The real representation CUR of the complex amplitude field is modified

as follows:

K2 = EVEN NOS

K2MI = ODD NOS

Real Part: CUR (K2) = CUR (K2-1) (sin 0) + CUR (K2) (cos 0)

Im part: CUR (K2Ml) = CUR (K2-1) (cos 0) - CUR (K2) (sin 0)

This array is modified in the same way by the phase changes throughout this

subroutine.

Mirror Tilt (<100 urad)

-2 [(.AX) (X) + (ANY) (Y)]_. (138)

where

ANX => tilt in x-direction " radians

ANY => tilt in v-direction radians

Power Dependent Spherical Distortion

This part of MIRROR subroutine calculates the phase change due to total

power induced spherical distortion.

(x +Y (139)
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where

2
R R out/23

and 5 = DELTA = MAX (Center) DISTORTION (Scaled

for Power)

DELTA = DELTAM1  P incident
A design

Rout = Center to edge mirror radius

(1) this is the input DELTA&DELTM

Flux Dependent Distortion (No Astigmatism)

Flux Dependent Distortion + Astigmatism

(1-Ref.) 2 C X (140)
RTAN (WNOW)f

whereG

where RSAG = RADC/cos %ast

and
RT = RADC (cos Oast)

where
RADC = radius of curvature of mirror (cm)

OAST = beam-mirror angle radians = PHIAST 1

I . Mirror centerline intensity 180
CL
Iy = Local (X,Y) intensity

WNOW = VAMP vower correction factor

SI - Flux distortion factor (cm/W/cm
2)

Ref. a Mirror reflectivity

-2 (lRe1 IC  "1x)
A0 =- (1-Ref) 2 CL Xy (141)

(WNOW)

where,

- Flux distortion factor (cm/W/cm )

I ' Intensity at mirror center (W/cm2
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4-- -__ - .-

I a Intensity at coordinated x,y (W/cm 2
xy

Ref - Mirror reflectivity

IVNOW - VAMP power correction factor

Astigmatism (Only)

2 21
- ,.A -Z _ (142)

where R SAG aRADC/cos 0 ast (cm)

and %TAN = RADC (cos 0 ast) (cm)

where RADC aradius of curvature of mirror (cm)

(bast = beam- mirror (astigmatic) angle

SUBROUTINE MIRROR 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47
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18. SUBROUTINE MIX

a. Purpose -- MIX calculates relaxation and pumping rates for use by

subroutine KINET. The rime constants which describe the various collisional

processes are generated from quadratic fits to published data over a finite

temperature range. The relaxation rates are then calculated from the time

constants' and the cavity gas mixture ratio. This routine does not require

an argument list.

Relevant Variables

TC2C tilme constant for C02 (OVO) C02 - C02 + C02

TC2N time constant for C02 (OVO) * C02 C02 + N2

TC20 time constant for C02 (OVO) 02 - C02 * 02

TC2W time constant for C02 (OVO) * H20 -+ C02 + H20

TC3C time constant for C02 (OVO) C02 -+ C02 (OVO) * C02

TC3N time constant for C02 (OOV) * N2 -+ C02 (OVO) * N2

TC.3W time constant for C02 (OOV) H20 * C02 (OVO) * 820

TPMP time constant for N2 (V=l) . C02 - N2 * C02(001)
'flRD T - I I3

18 STIRD2 T " X

5
RC2 relaxation rate for C02 (OVO) u C02 (000)

RC3 relaxation rate for C02 dOOV) t C02 (OVO)

pr N2 nitrogen mispump rate pumps C02 bending mode)

RPUMP pumping rate for upper level excitation

tmeb. Relevant formalism The CO2 V-V and V-T relaxation rates, the

pumping rate and the nitrogen mispump rate are computed by
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P= xi/ (143)

where PS is the static pressure,

Xi are the appropriate species mole fractions,

and Ti are their associated time constants.

The time constants, ri, associated with the various collisional processes

are computed by an exponential quadratic fit to published data. The general

form is:

2 1 (144)

exp (a.T s + b.T S Ci)

Commons Modified

/RATE/

Variables modified:

RC2 at MIX. 28

RC3 at MIX. 29

RN2 at MIX. 30

RPUMP at MIX. 31

Commons Modified:

/. LT/

Arrays Modified:

CU incoming S outgoing field. Field is modified.

CFIL field to which CU is made orthogonal

Figure 42 is the subroutine MIX flow chart.
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CALLED FROM KINET mix

CALCULATE
TIME MIX 11-27

CONSTANTS

CALCULATE MI2-3
RATES

RETURN

Figure 42. Subroutine IXflow chart.

The subroutine MIX comouter nrintout follows.

SUBROUTINE MIX 76/176 OPT=1 FIN 4.6+452 04/27/79 12.213.47

5ubk4ourZNE MIX IAA
C THIS HOUILNE CALCULATts rmt cu,4 V-V ANU V-r ,4tAATIUM FUN .jbt. mix
C IN SUOROUTINt iKINET m4ix 4

CU#4ON~O'V/S.P.V.MU.N9UNCPMMNAN~dAL~~tiN~qpwNMIA
CUMMUNMULEb/ANd ACU9 # XU 9 XGU9 XU4 P41A
CUMtbNWAEjN9CJ9CZNguMD. RSIIM 04LA7
TTkU atS*04-.JJ3) P41A
17.401 rTRiuO.i MIA9

C CUiloigmvan uao0v0l't4 MIA 10
TCJm 2 EA$(-J.U.OT~W0IU.4*TTrrU-10.,10) Mix 11

C Cua(bQv'O04 atohvo3.od 41A L
C TC30 a TU3N MIA I

C C0.a(UIv)*CO0 a CUi2(uvU)*CUd MIA L4
TCJC a EA-bJ.9.,TTW04'dUU.J9*TrWU-Lb.691 MIA I

C CUdiou"v3.M a C04foV02.Mdu mix 16
TC3W a EA(Leq*T~*jI9TW-~~J MIA if

*C CIJQIov0o*m a MIA*N mi8I
TCaf4 0 EAP(-d94651.TTMOl119.88.;Tmu-8.6.~dI MIA 1

C C0iI(ovob*CUa 2 cui*Cua F41A;d
TCJC 2 IEP-9.6tH2ie~ir~-~ds MIA di

C ColuV0o*,,l a cua*M1u MIA 2
tclw a CAP(319.derNuM-AJ.U4rI.4U.6.901#iI N4IA 2

C C01foV0)eoz a C0240i MIA d
TC20 aEP-haTTO..JurM-de MIA 2
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C N21V3).C2 a N*CuiO001) MLA
TPMP a EAP(305odSOTTWUZeLgo,9U*TTWO*r.Udff) P41A V
RC2v PSe|XNZ/TCdN*ACU4/TCgLOA042/[Cdw#A0 /TC200I.Eb MIA 28

RC36 PS44ANZ/TC3NeACU /TCJLOAn !O/tCJWeO /TCJN)ietob MIA lev

RNZ a PSeXCU/TCJN* b mix 30
RPUMP a iS-tAN2 MCU4)/rPARo[.t6 ml Ji

ENO 14LA 33

19. SUBROUTINE MODER:

a. Purpose -- Subroutine MODER is designed to orthogonalize one

ccmplex field with respect to another, and to excite a higher order mode for

bare resonator mode studies. The fundamental relationships are from the

Siegman-Miller paper (Ref. 13). Figures 43, 44, and 45 are flow charts for

the Subroutine MODER Organi:ation.

$CONTRL IFLOW=23)
S ORTHG, MODE - L

NAME LIST:
INGdDL: MODER

(MODE, N, NITER)

PERFORM EXCITE Lth MODE
ORTHOGONALIZATION (SEE FIGURE 45)

(SEE FIGURE 44)

Figure 43. Subroutine MODER organization.

13. Siegman, A. E. and H. Y. Miller, "Unstable Optical Resonator Loss Cal-
culations Using the Prony Method," Applied Optics, 9, p. 2729, 1970.
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A

LOAD FIELD TO

BE ORTHOGONALIZED 
READ (50) 

MODER.27--m..
WITH AGAINST CFIL MODER.29

CALCULATE POWER POLO 
MOOER.48- .IN CU R R EN T M O ER . - -OU FIELD =CU12 XUDER.50

CALCULATE PRODUCT CT
OF CU WITH CFIL I:CU-CFIL(X,2 ORTHOG.33

CALCULATE CFTPRODUCT OF CFI L I ZCFI L - CFI L(I!X) 2  
ORTHOG.34

WITH CFIL

ORTHOGONALIZE 
CU = 

ECu cu.( CT CFIL MODER.62

CHECK CC =
ORTHOGONALITY l CU CFI L( X) 2  

ORTHOG .37

CU =
ADJUST
POWER OLMOER .83( ORTHOG .3g

(iloUl2 x) cu

RETURN

Figure 44. Perform orthogonalization.
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i

MODE EXCITATION
EXCITE Lth
MODE

CU- MOERS.---4

CU'EXPjjLtan'11y/x4j MODER .26

RETURN

Figure 45. '!ode excitation.

b. Relevant formalism -- The orthogonality condition satisifed for

symnmetric kernel calculations is

fff(x,y)g(x,y) dxdy = 0 (145)
R

where

R - calculation region of interest
f,g a two arbitrary complex fields, described here at equispaced discrete

points.

The procedure is implemented by a Gramm-Schmidt orthogonalization, to create

a new field, h(x,y) from two known fields. Assume

h(x,y) f(x,y) cgix,y) (146)
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i
where,

c = complex constant

g = field with which orthogonalization takes place.

then fjdAgh =0 (147)

R

SoC ( )

So

h f A g V (x, y) eR

Numerically this becomes,

h - " gij V(xi 'j yij ER .(148)

• gij

Additionally, impose the condition that

h. ffif I 1 (149)

then hi.. is the new field which is orthogonal with respect to gij' and has

the same power as the initial field f.

Additionally, MODER is structured to excite the azimuthally-varying phase

factor for the generation of higher order modes. In cylindrical coordinates,

the modes of a bare resonator may be written as:

Une (r,9) = One (r/a)c- jl (lSO)

where,
o"< 9 <
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an arbitrary (convex mirror) scaling factor

1 ±1, t2,...

nl 0, 1, 2.. .. ...

Higher order modes in bare resonators are initially excited as

f' (x,y) 1 a 1 (/jfcx,y)(11

and in discrete form as

f 3 exp [- ji tan-1 (Y~Ix 1] f 13

where f. is the SOQ complex field distribution.

C. Fortranl

Argument List:

N Integer variable denoting the calculation path within the

subroutine

N<O excite the L thmode and return

N>O Perform Orthogonalization

L Order of Mode to be excited

L = 1,2 ........

Computer printouts of the MODER subroutine follow.

SUBROUTINE MODER 76/176 OPT=1 FIN 4.6.452 04/27/79 12.23.47

SuUI4UUTINE "ULN(L9MaN) WOUERC MJUE QILXIH~LNArLurg '4RULNt UE 3
C THIS "UU1INE EAIY~s THE L-rN MUMC IP N (ITERATION NUNULA) IS 0 NUUIM 4
C AMU SU601PASSUS LOWEA AZIA9U1I^,L NUuEj IN SUCCESSIVt 1IIk,4UNSt Moo~g" S
C MUUER

c ***'nuu cupy uesiw#uw ru 4UVI'NISS L S 0 UNLY ROD 11-d0-Ib **** MOjULN 7
C *** mis cupy oesjuieu Wu tALirE L*Lb1 MWJC UQ i1111?b RQ NUER a

C UEN 9
LEVEL 29 CU MOUEH to
CJMUNUN#Y/vN~w9iNW0NAPrw AQUE1 12
CUNNLE UFI6.SCF9CC .At)WNf,~yW ~ "WUE" 13

AMAX(I) IWOEM Is
tUU lu JfL.NPY MOUCH 19
IAJa(.a- ) MPTS#I NUDER 20
YYaA (j) NWUCM ZI
T8SPrM1AA*YV) * LP MUDER 42



10 CU(LA.JSCU(AJICAC46LAi0.UT)) ROUEN 23
owiTC(69600) LP' WOOEh 8

000 FUNMAT(/91uM *** L. 2 v196 MU r1Ab de~14 ExCirLD ROVER asue
RTUHN F40UEH at

100 CONTINUE ROVERA 27
AD(501 (CF1L4113.lu91d) RUDER as

D0 S0 181thOTS ROVER 30
00 SO Jolt** "QUEN J1

I~ja(J.11*ODER~ nOOa
1xaW2(121-,j)*NPTS.L "ODECR 33

aU CF1LtIAJi4uCF1L(Ai) ROVER 34
%~ObMr*TS*NPY P400ER4 35

C f SCPW%.A 4 0 *0,4s0 0RVR
CFTUCMP.A (0.0..01E 3

OAAMS4A (12A() RODE" 40

C uRITkt(6066)OONCC.CTAAI.'.I'eLFLAb,1FLAB2 ROVER4 4z

00 20 J019NVYROE *
IAJA4.J-LVJ..bTSl "OVEN 45
CT=CT*CONJui(CU4I.fl )CFIL(AJI 14OUE 46
CF~aCFT.C0N(CI1L4Jh)oCP1LIAjn ROVER 47

e0 4PUp.CU(LAJ)*CONJ4(CUIAJ1) M00EM 4
RoV#~OU0 MOOVER 09
CCoCTO000 ROVER 50
wNITE(696041 CC ROVER 51

6014 F4JWMAr(/9144 '0 CC =t,4b.596l R*9 OVER 52
C WNITE e.066) uouk.CC.cr.AA*b'.b4.LFLAbaWLAU2 ROVER2 53

CrzCT/CFl MOUE04 b4
CCzCT ROVER 55
oOLTE(69641 CC ROV0ER 56
CCFi*UUi ROOER 57
iwv4ZTLO641.t# CC "ODER so
0%) 3u4 ISLOWAT's 104M 9
414. Jo ,JOLONY MUOb4 60

IiJ(J0-~t-I14UUCM 621
CUI IAJ) C4.(IAJ-C7*CFIL( lA.J) OMANC 6d

aV V1*CJ(E41 CUNJj(CU(LA~J4 M~UUCM b3
ju CuNrINuE MOUE01 6S4

Pdvod*0OO muuEM ob
C lRT6.a#6)UL1.'4CCCAA.',bed.FLA4.LFLAOZ 14UUE94 66
C uNITE46.606) 0*029W, t400CM 67
C 6416 FURMA~T(91414 #** 09i P40UEN~4**.~ Oh 68

bPMQuW T i P1,) 140Cm 639

C AAUSOMT(IP/II-CAU5(C1 O*49i'1*M*NU) 1400114 it
wMlTE(ftsf0?2 AA.9bb4V 1400UE4 72

6017 FOR9MAF(/,L.1 0* A9500~ 09d45.t96PI R*/ ,OER 7
VOI 4V I2lN06 ROUEN r

4 Q CUMI)CU(ZlSPP 140019 75
C w14iTE(6.b66)UOO,14CC.CT.AA~e'~,LFLAb.1FLAbd "DOERW 76
C 600 FON0MAH(9 000 ,G9~I ccocro.s.5.'.q/23. P90WslFLA8, 1400CM r7
C AIPLA02 a 93015abe2L101 RUDER9 ?a

14(10111 MOOEh 79
LOU0 ROVER9 64

20. SUBROUTINE OUTPUT

- Ia. Purpose -- This routine generates three intensity amplitude and

phase printer slice plots through the field. They are along the x-axis, the

y-axis, and the "diagonal," defined by the diagram in Figure 46. Figure 47

shows the flow chart for this subroutine.
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* xslice

x -Diagonal
y Slice

Figure 46. Intensity amplitude and phase printer
slice plots.

OUTPUTD

INITIALIZATION 3LROP1.108-LROP1.136
X AXIS PLOT SETUP LROP1.137-LROP1.157

[DIAGONAL" PLOT SETUP) L ROP 1.1 58-LR OP 1.187

PLOT THE FIELD: LROP1.21 1-LROP1.251

Page (1,1) - Amplitude (int.)
Page (1,2) - Phase
Page (1,3) - Plot Symbol
(used by each of the three options)

RETURN

Figure 47. Subroutine OUTPUT flow chart.
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b. Relevant formalism -- The slice plot uses 100 available spaces per
line for plot information. The point printed shows the percent of maximum
amplitude or intensity e.g., if the intensity or amplitude is 35 percent of
the maximum, a symbol is printed in the 35th column. Similarly the phase is
plotted from -180 to 180 degrees with zero-phase at the center. The corre-
sponding maximum intensity amplitude is also printed out with the appropriate
spatial coordinates.

c. Fortran

Argument List

CU field to be plotted

NP2 number of points in the y-direction
NPI number of points in the x-direction

x coordinate array
N number of plots (l to 3)

(N) = 1 x only

2 - x and diagonal

3 - x, diagonal, and y

if N < 0, the constant J orders used is NP 2/2 instead of NPI/2. This param-
eter is used when gain/phase slice plots are made.

UMAX - maximum intensity amplitude of the field. It is used to
establish the field point to be plotted at 100 percent.

X-AXIS - if true, the x axis plot is generated

DIAG - if true, the "diagonal" plot is generated

Y-AXIS - if true the y axis plot is generated.

No common variables are modified.

No other subroutines are called from this one.

Computer printouts for the OUTPUT subroutine follow.
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SUBROUTINE OUTPOR 76/176 OPT-1 FIN 4.6.452 04/27/79 12.23.47

SUdWUUT1Nk UU~T.Q(VN2 i'AUfAA~tb1,U~iGkOttjjI UU I UR
Co I uNI h 9 NoodsNlay UU I PUN i

C TN'415 OUrIML CONSfWUCTS ,OMLNMA. 4PLO15 OF RAUIAL 0~4Oh01LLS UUIP~w 4
C AT r"tEU UAL6.v 4ACEU ANU4Lt.S AkJUr4U Imt tjEAM OU I UN b

LLYE. 2v CUqNVdNI~1.A u~pm 7
CO"MN /aAY/ wNUUNRE4#NA'11 UuUNw
i)IMENU1ON' PA4E(j9,JbCU~lJAtj) 0U I 6UM
COMPLEA Cu UUIPUN 10
LOUICAL l1El(U0 il t0 UUTPUM 11

C PVuT IN PL4)TriNo tiomdOLS VUtUwU 12
oArA 0U1'*T'H*.4OUT/I'L'.wLA4A1e vAh0U3N(,'1l/ uIPu 13
AN42 d .*DJ sJUTPUR 14
TOTAL a J30o * XN49 FLVAi(NV3 ouib'Um IS
INIJA4 a rwV23 Ourpum 16
114UAJ a l F NNI /SOUWU L?
T'4(Tl a IOTAL 2. /ANPZ UN to
r4ft a fpg(Tj FLUAI(INUA21 TOTAL / AI*d Utpum 19
r'itrj a II4tT1 FLOAT(INOAI4) TOTAL /~ XNID UJUN I 2 d

04) 1000 4AajJ u ipuw 22
GO TO (1d09309A f or PUN 423

10 IF (.NOT.OEGII 50 TO 1000 4)UtPUA 24
INOEA a u ourPuN 95
tMETA a imenT OUTI'UN 26
G0 to 1 UTPUN id?

20 IF l.NQT.UE(U) 00 TO 1000 ouib'UM 26
INUEA aU4 NV1 VUtPUM 49
THE~TA a 1P41T9 UUTI'UR 30
G4O TO 1 UUTPUM it

JO IF (*NQT*DEbJ) W, TU 1000 OUTPUW 32
INOEA a LNOA.3 *N1 1  UUiPUN 33

V.411* a 4.4113 UUTPUN 34
1 D0 410 La 1.191 UUm is

PAGE(1911 = CAd$CUI41F) UTPUN 37
00141 a AINAG(CU(SNEF)l OUTPUM is
4)012 a OteAL(CUfINIF)) UUTPU4 39
IF (0VMl.EuU00.ANU.OUU42.EW.U.0) GO TO 412 uUTPUW 40

411 0AQ.E(1.2) a 57..3*ATAN4(OUM19UU42) OUTPUN 1
w4 To 410 UIPUM 42

412 PAGE(Iti) a 0.0 ouII'UU 43
4141 UNAA a AMAAl(UIAAbAL(1.L)) OUTI'UN 44

wRITE f69520) TNCTA UUIPU4 45
b40 FUHMAT(33N1 CUI*JI hLUITLU MAUIALLY AT *F7.299 OkGEE I outPUI4 46

IF (AeNE.l) 00 TO 1001 UUTPUR 4#7
UMAAPUMA44 OUTPUR 44
IF(NRL*G.NE.U.AN.N,T.U)MAA03UMAA/Nuw OUTPUR 49

10011 IF (UMAA.C(U.0? UIMAA a 1.0 ou fPUN so
SCALXI 8 L41G.0/uMAA MOOR'U bi
SCAL42 a 50*U10.1 uUtPW. Si3

C PI'NT A*.&S tpm S
WRITE 4694001UMAAP uUtpua4 54

46U FORMAT 11H 9rN1T7O1 li)#ub.j.MGIIU~IbTY?92)H?5 QOUR~J b5

%.T101950100 a.4112.41 OutPaN %4,

WeLTE 1464) utipu %7
460 FUNMAT (114 *r2,4I-ld0,T26J941,T62.1MilUtS,16iV4ASE AN4ILt l*.9TT OUTPUR so

C USE PA4CtL@J) AS O.4INf 114 LINC -- FIMbt bLANK IT vurPUN 60
OU 4240 L a 1.104 IJu(pum 81

oig20C(LoJI 2 a4.ANA UUI0UN 62
C PO'INT A LINE~ FON1 bLMc vALUL VP* I uU FPutt 63

00 4345 I a 1,1491 uurpum 04
OU 448 L a 191Y192b UrPUN 610

460 0Afj(LqJl a UUT UUre'UH 00
PA4I~~.C~kjhD~tA.I.Ia Ao~fjlNf uvtuIIU 6?

mkLAW4 a SC.*LL1 & 0AGll1J vurpum be
PAbt((1.. * WtLAMW 9J) a WUIN( vuTPUm 09
wMITE 4091#10) 0IAwt(L#JI.Lml,104)9 (1) vNELAM01 940AO,ta2 OUrPUM 10

410 FORMAT (I *lU4Al.jFV.Z) VUUPUN ?1
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044 I ,jAE*0A41 ) a oLAN. UU rPUN IZ
.30 PAEj.,3A~*A I (Ah9IJoj1 dLAt4A LIUfPUm ?I

Logo CONTINUE iuvtvuw 14
'CIuIm OUTIOUN 7s

OUTPUM 17

SUBROUTINE OUTPUT 76/176 OPT-1 FIN 4.6.452 04/27/79 12.23.47

SAU.eOUTIft OUtUF(U4aPV0 AvvMA*A boL4 A 5 L4Up1 I to
C W ior b , ,Wgnrut*v LHU61 lo'
C rMqS HOW0INE CUr4SIMUCTS OWML bLI4. OLiUIS OF Ink. CU'4ILLA FILLD. LMOUII Ito
C ALUO (1) rmt V A1!3 (a) ALU~h4 A QLAWMJAL ANO (4) ALUMu [Pnk. LMCJL lit
C A-4AIti rn*.o~w in F~.LUe Y-AAI~i IPt.U ONLY FO#I CAVITY W.AANLTkH% 40UPI La

Lk~VEL at CU91N020tOIA LWUI 113
cOup"" /OAT/ wmUwqWtI.NAIDTM 4"UP~ I Ito
COMNON /00131a/ PLU130 LRUPI 115
CUMPL.A CU k.040PL 116
LOtvICAL AAA1S9ULA4j*YAAl5 6"UIL it?

DIMLNSION IMAO(U) , ILNI(J) , ITriLts) LIuAL 19
C WOT IN PLQTTINO SYMdULS L140601 lo

OATS P01,4I/lM*/UUT/'LNIUfdLANA/1M ivAsuINr/lm*/,,OLMA/,1Nu LPU.'i UI
DATA IM~dNAN.lU.n.e .IN/ I~.Ot4I..4 ''Le4OV Ia2
IF Iftorsi.oi.o.) 50 ITO LUV 0..OpI USj
(RUINT a "'QLNA L14UPI Ia4
00 110 Ii0u1,J LeOUPI I b

iIo IrLTL(IR) 8 IMA(*L#sI 1.14OI UO6
GO TO 1'3u NPI 4a

to0 PoINr a poz~sJ L0100~1 1ars
00 120 I193iJu LNUP U

lag 1T1TLIW1~ a IINTI') L?(UPI 150
1!)Q CONTINUE. LNUI lit

Nows Nb1/d L"001 132
IF4.L.0NPN~/2LMUPI 133

NNS I AUS(N I LMUPI 150
00 1000 F.UioNN 0LMUPI isS
Go To (1*2931sA 0000U1t 150

1 IF (.NUT.AAALS) GO TO 100U LHUb'1 13?
NpZAsNp1*(Nfp-I) L"0101 Aie

C A-AAIS PLOT 41.k.. You) L'4ue' 139
00 410 1 a LONI LNUPI 10
AP' ( 1) =At 11) LmufoI 141
YP(I)UA(14PI LHOPI Aol2
IF N.LT.U1Y'(IZA0Uu LI4UP1 163
I'ItF a I#%PXA L140P 1 144
PG(91a QAdS(CU(IREF)) LHOP1 14%

If (ILTGGTU)bAGk(I~j)*Ab'A(I,1)O. LMUPI 140
ODul U AIMAUK(U(INEF)l LIUI 14?
04M2 "A 11LILUEIRV)) LUOP 1 146
If 401E...k.0N.ouu t TO 41a L"Up 1 109

011 P446(1991 5 ?.J*oTAM2(0UM1.UUnZ2) LMQPI ISO
Go To 410 LmIIpt 1b1

obla Phoe II 10. 0.1) LMIIP1 151
410 ON*A 8 AMAAI(UMAAq0AI,1)) LM"00 1 153

UMAA~v'4UUEWNA Lmlot' IsO

17(N4mk.G.NI.O.ANJ.NGr.0.AU4 'LOTS.i~r.u., U1*AAPIJMAA/WNJW*1 LWUPI Lbb

a IF c.NoOi~JAu) 00 1010 LWUpI IM

00 1011"1 M 5

10 CONTINUE L4P 6
C gJAWM~A PLI41t A41) LW#U1 163
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Al'IL)9A 1)L1UP 1 167
YR(I)SA('1.1. LNOl'1 10.

IMe., 4 I)IAG(IJ L.NUV1 A 109
PAU(((1.I a (,AUSICU(IOEFII LNUl'I AN0
IF (NLUTtm.0,.0.) IAuk(1,)U$A4L(1eiU'2 LMU60I III
1)014 a AIP4A((CU(INEFI) LRUPI If2

*uN a WALIC.U(1NED) LNOP1 1/3
IF W 1E...Na)4.wU0 9 rU l L14UI L14

Zoll PAUaEtlt) x $rJ*ATAN4WUN19UUe,2) LMU60 I 1It
GO TO S10 LNUOPI 1 P6

b12 PAU(~lea) a 0.4 L14UPI 11?
bl FPLI(.L.. UMAA A AMAAIIuMAA..'A4E(L,1)) L'40P1 It8

IF P09oItbesareoa) fj TO 9ju LN~uP 179
WN I rE 1 9!20) LROP 1 180

520 PO.NATf? 1APtrltuO0lAbt lLUrTEA) ALONG A OIA40ONAL T"NOUbaN I'At CE LRO'1 161
)INIER OF LICALC )L1401 I 1le
GO TO) 1001 LNIJ01 163
*35WNTE(696341 LNOP1 154

034 PONI7N1ett5T,,A PJLUTMU ALUO A UZAGONAL INIIQUWe TAIL CE LNOPI 185
AMrk.Ia OF UCALC L.W1 166
(90 TO 1001 t.140V1 18?

c C -AALS PLOT (1.C. Ago? LNJPI 148
4 IF I.NOT.-YAAIS) GO TO 1000 LkNfl 169

00 610 1 0 LNpe LNUPI 190
AP(1) *A(14P) LAOPI 191
YP I KlX (LI LXUP1 192

IRFa ~4'11*b1LNUPI 193
*PAleI1.) a CAOS(Cu(LHEF)) L1400P1 194

IF (PLOTSG*GT.O.)lAi.L4a'6(,i. LR0P1 195
OUMI a AINA64CUIINEF)) LWPP 190
OUM2 a RLAL(CUh1INLFI LR4o11  197
IF (0U"1.EQ.U*0*AhO0UN2.tW.UoQ) UQI 1U 61d LNUPI 198

(211 l'A(C(lod) a Zl.wTNfV~~~2 INUPI 199
60 To 610 I4up 1 200

612 PAG(t1,2) a 0.0 LNW'L 201
610 IF l'LIT3*.T. U14AA 8 AMAAICUAAPAf(~l,1?) LNUPI 202

IF ($LOr50*.1.) W9 TO .3204 L14UP 1 403
814171(0.020) LI4UPI d04

020 FOWMArI7UM1ANPL1TOUL90MtA5 PLurTwV IN Y-uII4EcTIOIV V (JUOM CENTER 0 LNUPI 205
XF UCALC I LHUP1 e06

Go TO 1001 L140PI 207
4906 WMT0.d,22 LHUPI god
db2 FONMAH?~uN11NTEN51(Y9RMAbe. WLurTEo 1". Y-OLwECrIuf4 79140(1 C-NIER 0 LHOP1 d09

XF oCALC LMUP1 210
1001 IF (%UNAA.EU.0.0) UMAA a 1.U LHUP1 911

SCALEI a L00.OIONAA LXUPI d12
SCALL92 a 5U.U/IdQ.U LI4UPI 213

C PN4114 AAESi t.KUP1 a21*
i.4ITE (69401 17171., U14AAI LHUPI 415

400 FONI4Ar ILA ,fNTI2,5225,S6SS*7.dN? LNOPI 210
*0N.514r100 *.(uL2*41 LMWII 41?r

IFIN.W1.0)w~sTE (696%01 LHUV1 216
4bQ F04NNAK (IN"t,1-d~2.t-01dIos.5*NS ANOLk. i*iqrro L"QpL d19

*9 1440. 10 14"0 11 s fq ""9A 0 AMA LNV)MY L14001 220
LF0490.@)WICATL 100*b11 LNW'1 ila1

451 FUNNAI IAN .l.110rbJ9,5,N.5.5NA~ ANOLL. (*).Tfb L"Ul1 422
*,J*90T 11,*.15,0A4N~'.e~,a, AY)LWU'1 d43

C %jb. PAAILeJ) AS POINTINts Ll,*t -- FlNur *LANA It WOUR"1 424
00 440 L a 1.1J30 LI4UPI d25

420 1'Aul(Lq.3) a ksLANAI 1.14011 da
C ORI4NT A LINE FUN LACH VALUE UP I Le

4
URI d p

P4N3Nl'1 LOOP I 228
IF (1.LlU.NILNa~w'2 LNUPI 229
IP.NLT.0160 TO 301 LMWI 230
00 430 1 a 1.Ntm LOOP14 I 2.31
00 4443 L a 19l01vit LAW4011 d2

.01au(ll.j) a U07 LRUPI 233
NA(.5'CAL*Nb.(,).)*APOINI L"Ul'1 2J4
,'b(I.'CAE1~A..(,1,J 1N14 LI4UPI 235
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Iwa+amr (Ab'(*'.Yb'L)*'+) LMUPI +J0

WHITE (60.?bu) (LALNLIoJtai L)UMA L)oYPIL 60O P 2Jr

410 FOHM9AJ (AM 9104A19.jV.e LNUP1 did
PA+E(1.CALE2P'A(.IIo.)o) a BLANK LMUVP 1J9

50 TU 1000 LMOPI 40

JUL UQ 33U 1 a 190 LRUP1 2

OJ 340 L a 191UL.b LWUPI 243
J40 04,EILJ) 8 uOT 6NORI ltA

PA6EIb1.3-S¢ALEd*PA+d( Ltd) * AIQ1Nr LbU10I d4b

i'AtiC(I.5SCALE1*0Aci(L1)tJJ P ULNT LHUPI .4
wv#STE 469370) PA(,)LkI.~pIP1LOW0I 4e

J1O FUNNAT (A 0oF.oo) LbuPL 946
IPAE(.5*5CALLI,*P'At(19j) B LANK L90IPI 269

JJJ A~sI1..~a (~(.~,) LANK LNJP L igbO
1UQo0 CUNTINUE LNOPI JI

RETUNM LHOPI aba
C e0oo .o..oooe~oe*e.*e..e*.o.ooo.ooe*.o....4e..oo...*ee..eo....C L.NOP i 5

NO AOPI 95

21. SUBROUTINE PLTOT

Subroutine PLTOT is called at the end of subroutine QUAL to calculate

and generate a printer plot of far field power versus radial distance in

RX/D units. The integrated fractional power to several far field radii are

calculated by multiple calls to subroutine POWWOW. The power and radius

values are stored by PLTOT in array form. The arrays are then tabulated.

A simple printer plot is also generated without the necessity of an inter-

polation scheme or other formal calculations.

Figure 48 is the Subroutint PLTOT flow chart and is followed by the PLTOT

computer printouts.

Argument List

DB near field beam diameter

DX grid spacing in far field, RX/D units

ILMAX number of field points across grid

IPLT flag - not used

PT total near field power

RMAX not used
TITLE run identification
WL wavelength

KCEN X-position of center of interest

XX X-position array

YCEN Y-position of center of interest

- far field intensity array

:MAX not used
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CALLED FROM QUAL PLTOT

FOR SEVERAL DO 23
FAR FIELD RADII, APR26.27

1- 1, 30

FIND POWER CALL AR62
IN BUCKET POWWOW AR62

DEFINE FRACTIONAL PWA(I
POWER =PWA(I)/PT 1

APR26.29

23

TABULATEPOWER TABLEO APR26. 30-'
VS RvsP PLTOT. 78

FAR FIELD RADIUS

PRINTER PLOT OF \;z-- 7  AR63-5
TABULATION 

R~

Figure 48. Subroutine PLTOT flow chart.
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Relevant variables

IPAGE Hollerith character string comprising a single vertical

position of printer plots

PWA fractional power array corresponding to RRD

RRD radial distance array corresponding to various far field

bucket si--es.

SUBROUTINE PLTOT 76/176 OPT=l FIN 4.6.452 04/27/79 12.23.47

*SU"t4OUTLr.E Pt.TO1 I 1'AA9 UA, AA, ZNAA9 RMAX9 Lo LRlLt. TITLE* I&L TO T
1 Ill 9 ACEM , YCEN 9 Us *it.J A10"26 d
LEVEL go teL Atokib d

C TIS ROUu'zrE (L) MAAt.S AN LU-INrL.NS1rY POLUT OF THE IAW PLtLu PLTOT
C SPOuT AMU ) P CALCULATtS AM~U .OLUfS Yilt IlOOtI VERSUS FAR FiLD~. I&LIOr 5
C RAOUU. OlLT a

LLVEL o IAA9AA9Z IlLtOT 7
OIIIENSIUN AA(1)o /.( I ) 9 FITLLI(u) WLiUr
01MENblum PWhA(3U)9 N.40C3U) .LElAGt(1ujj AtOW26 Z

A 1.,~APOW26

C OUlENSION LAd(! ) 1ALroY 10
C DATA NUZ9LAd / bq.0OftO, ,U9L0959d~i14*0 I ILIT 11
C CALL UArL(IINTH9OAYqYEA4) iaLroT 12
C CALL HCLUCK4pl.4.MIN#SEC) ,P~roT
C (Mi TO (39W1~ POL rOT 14
C PLOT JAW FUILD I5O-1NTENb1Ltti. OLTrOr is
C ASCLaJ./HMAA I'LTOt 16
C CALL IN~r19ItZEg,8o1U.) 10L0O1 17
C CALL WLor(3.b9J.bq94I IlLToT 18
C CALL IASIZ(*29.14) OF 19
C CALL rAi4LTb..#.g.. POf oT d
C *wITE(9691) 1LTrOT 4
C 1 FOWMAT136N FAR FIELD 1SU-LNrk.N~LrY CUNTUURS ) 0LOT 22
C CALL TXS1Z(.129.OaI OLTOT 23
C CALL TAPLTUJ.9so.b9.90.) OLroT l
C u'41TE(9892) TITLi~bRMAXMNfir1,UAYgYt.ANMV1WLN.SEC 00LT is
C 2 FONM4AT(1A9;dgA4j2qH THE LAM4,$T RAOIUoi PLOTTED .,F4.1.9elI4LA140W / LtOT 26
C 1/SHOATL *Ai,1L9/tAd,1P1.AJ.1OASMT1( 9A291H,.A291H99A2) 1000OT .9
C CALL SY14U$OL(0.90.9.1bJ#tI.-L) 60LTOT 28
C 0U 190 I14 00L0T 29
C AUPS.04*L O.LYWT 30
C AOUl.03*1 POLIOT JI
C CALL UASM(AI,.AUP) IlLrot Jo
C PW8RMA*I/4 *XSCL P't0Fo S.3
C 190 CALL CINC(9AAONACEN69Q.90., ALtOt 34
C CALL MOAb~g P00tr 3b
C CALL IS04 XAAXX.ZLLMAA9..1MAA,1MAA.ACLN.YCEN.ASCLNUZ.LAd.1MAXI trot J6
C CALL F1hi 00tT J?
C if (iPLT.Ew.Ji Go TO !)I iLTOT is

C I'LUT PPOWI VS. 140L*MWUAiU. THIS IS OtjeiE ABIOUT LIT~tof THE CI?4MWIU 0110T J9
0.OR PEAK INTENSITY ..tMLEVC.N ULArUMSTWAILS "AA114M PERF~ORMANCE;* 000?T 40

CJZ CALL 1NtIIASIZE998*9LO.) OIOT 41
C CALL OL0111.591.92J) 01L1OT 42a
C CALL AAIS(U.,0..IHNAIJIUS-HL/U,-LI,*.,U..o.,NHAA/4.J I'Lrot 43
C. CALL AAIS(U.o.o1J4AE.NCt.9Y 00.-41,.,u,..O)ot 44
C CALL (WU(0.@.*...695o#9u1 I'LTOT #&b
C CALL fASIZI.1!29*09) Il00oT 46
C CALL TAPOLT(Zoo..8..O.) 000T 6
C ma1TL.I96950) TITLE9ilNTt)ATVLANP~ci~NItC saLTOT 40
C ho POW(4AiI2b1 FAR FIELU QUALITY (I.PT) ,//2A4/SMUAtL oA29IHi9A291M 00Ltr 49
C 1/9A29IOA91R.IJIME *Ad94(1H,.adfl PUOT 50

*C CALL MOVLA(U.9.. IALTOT 51
SI IWAD"MHAA*o2. IlL1Ot 13

C PRINT POvCH VS. I4OLA?4dOA/U OIL tot
teNITE(69e2) TITLE Il000T b
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C O)U 21 Z111"A0 ILror
C UU 24 Jae w'tlot

C CALL POai~w ( IMAA, UA. AS, L. St.hNo YCEN9 RWU(J)* ('WAtjl W00 149(
C Pwtk(j) a PWA(,J) / OT 000Tjar 0
C i!S IF (11ML.LE.l) CALL LI1CA("U(J1*4*iNMAA b"WA(JI*'.) wt.VO To
C ~4 vHITE(69#4) (RNU()*VWA(KIlKaLo!) I'LrOr 02

L)U 21 1.1.30 AIOQ26 a?
CALL. POWW(14A#A9A L4 CNWU1 0A1 AP'NZ6 28

e3 OWA(I) a OWAML PT~ AOW26 9
U0 25 18196 AIOW?0 *0
J1 a (-) *IAV1#Md it

a j~a J1t A00MR* 51
46 wHIL 10.143 (HI WAIP.)vAAk8,J9) A'W10 33
94 FOMMA154S.F4.L9*d*5)) PLror f
d6 CUN11 NUE OIT0 19

C IF (I0L'LrLE*1) CALL FIN! ifor s
wHITE(691100) wLsOd AIPM26 34

11U0 FUO4IATIlI#///404.IGMPkMCLNI rOTAL OLUX isAJWU,804 3 V* 5

OU 1310 L=29100 AeNZO J?
1410 IPA6E(IU a 1dLNK AlOW26 38

00 1340 L1Nt.2I, I A*1426 40
IIOAGEM=)11 AVI426 41
LOAGI269 113 ll£W26 42
IPAGE~bIJa[I APON26 44
WPAGEt 103all Al'3420 44
IPAGE1lOI0alI A$0146 *
RAhU a I1 -l* APP"26 46
PCH a IMU(IIAO) AIAN26 41
IF (AbS(HAUJ4'C34).IaI..0I) taiU FU 1315 APHZ0 48
1140CR a 1.S * PwA(IAU2*luu. APH24b 49
IMAO a INAU 0 1 AI~1002 to
IPAGEIIihJAs a LOT AP"26 bi
w.IT(1E11lU) 4AU *1.'AOE APVM26

1110 FORMAT (1A9F4%i9ZS.IUIA1 A)'H26 !P
I*'AGE(IINIJEA) aIgLNX A10426 5
Go TO 1390 A00426 b

1315 wHITE (6,11101 RA0,lI'AOI AlOW26 a
1320 CUNrtNUE AOOM26 b7

wETUIIN I&L I Or 63
ENO D'Lf 804s

22. SUBROUTINE POWWOW

Calls: N4/A

Called by: QUAL

a. Purpose -- POWWOW is called by QUAL to apply an aperture to the f~ar

field intensity field for computing power in the bucket. Figure 49 shows the

POWWOW flow chart, followed by the POWWOW computer printouts.

POWWOW passes the intensity field, x and y centroid locations, and

bucket size. It returns the power in the bucket in parameter PRB (PWR).
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POWOW defines a radius function, RD, for converting rectangular

coordinates to a radius bucket size. Each x,y coordinate is searched

to determine if it is within the bucket. If so, the power at that point

is added to the sum for the bucket.

After all locations have been checked, control is returned to QUAL along

with the power number.

b. Relevant formalism -- Each grid point (X,Y) lies at the center of a

square 6X on a side. In the logic to determine whether a point falls within

the radius of interest, an attempt is made to account for grids which fall

partially within the radius, RAD. These points are weighted between 0 and 1

according to

P = (RAD-R min)/(Rmax-R min)

where

P is the weighting factor,

Rmax is the radius to the furthest corner of the grid, and

Rmin is the radius to the nearest corner of the grid.

All grid points with Rmax less than RAD are given a weight of 1, all

grid points with Rmin greater than RAD are weighted 0.

Argument List

AA far field intensity array

DX separation of far field points

NPTS number of array points in one dimension

PWR power in the bucket - returned to calling routine

RAD radius of far field bucket

XAR X-position array for intensity field

XCEN X-position of center of interest

YCEN Y-position of center of interest

Relevant Variables

DS area associated with a grid point

PER weighting factor for a grid point, between 0 and DS

X X-position of grid point

Y Y-position of grid point
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DEFINEPOW .8RADIUS PWO.
* FUNCTION

POWWOW. 13 -

DO 100 POWWOW. 28

Ix 1, NPTS

COMPUTE
BUCKET

SIZE

DATA NOSEARCH THROUGH
IN BUCKET INTENSITY POWWOW. 23

+ NO ARRAY,AA
YES

ADD TO

TOTALPOWWOW. 27

Figure 49. Subroutine POWWAOW flow chart.
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SUBROUTINE POWWOW 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SU UUFINE PUWW0u Nolb, OA. XAN* AA, PUwwOW
1 XCtN9 YCENs 4AU# . 14 ) ounvU" J

c TTIS HOUIlNt APPLIE AN AOLMUML TO TrE PAR FI6. 1N[ iNd1IY 1OWWOW a

C PAITEHN P0N uE(tRMLING vU*tM VS. MW*AMdUA/O PUuOWW
LLvEL Z9 N01b9AAkoAA POWWUW 6
DIMENSION XAN(I) AA( I PUWUW I
WU(XAvYfo|AtLY)=bQHrliAd!:oAA)*IAouA/9,)eod*(AdSiYY)*UY/geelYI*OiI POW O~WU

PWN W 0. PUWWUW 9
UYSOA UWWUW 10
Du a OA *o 4 0Uuw~W 11
UU 100 IASNIIo PO"UWWUW 12
XAAAIILIA)-ALN POWOW IJ
U% luU IIYLIONOTS PUWUw 14
Y=AANIIY)-YCEN 0OUwWgu is
ROPSWOAtYo191) PUWWOW 1

NmO(oV,~.) UuwOw 19
' auS I'OwwUw d0
.WIAAUAMAAI (N-PMMoN.I PUWUWW 0
9FIAo.00(A -1 ) 100 IUWWUW L9

PEW a u. OUWWuW d3
0M1NMAMININMNMl+,Mlof4) POWWUW A4
1FIRM1h.bI.NAO) 00 O lug POwWU 45
PENau(AONMIN)/(RNMAANMLNI Ub POWWOW ft

1UO PwNuewR*AAI1A#(11Y-1) ONPF P*PEW POWWOW 27
REIUAN POWOw 08
ENU POWWOW e9

23. SUBROUTINE QUAL

Called by: MAIN

Calls: TILT

STEP

CENBAR

POWWOW

QUAL, entered with a call from MAIN, is used to calculate quality of

complex field. Figure 50 is the flow chart for the QUAL subroutine. Subrou-

tine QUAL computer printouts follow Figure 50. A decision is made whether to

use the COMMON complex field or whether to read one in from tape. A decision

is then made as to whether or not to save whatever input complex field is

used. This is for later restoration.

Variables are initialized and, based on the call statement input vari-

ables, a decision is made whether or not to apply a phase correction to the

complex field, that is, should tilt and/or spherical components be removed?

If not, QUAL branches to the lens section.
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-1 -17;-

If yes, then a call is made to subroutine TILT and the linear and quad-

ratic phase components are removed. If spherical components are to be

removed, then this is done. If not, control passes to the lens section.

The lens strength required to bring the beam down to a specified radius

is computed. This is then applied to the field, CU, via the relation

U = U exp i ! (X2 y2) (152)
2f

The total beam power as transformed by the lens is then calculated. If

there is no power in the transformed beam, an error message is output and

the job stopped. Otherwise, some saving parameters are initialized and the

transformed field is saved on tape.

Subroutine STEP is called to take the transformed beam to the far field.

The location of the far field peak intensity is found. Strehl and power in

the bucket are calculated. Subroutine CENBAR is called to find the percent

of far field centroid (intensity). Subroutine POWWOW is called to find the

percent of far field power in a given radius around the centroid. All of the

calculated data is printed and subroutine PLTOT is called for beam quality

plots.

QUAL then restores the complex field to what it was at entry and con-

trol is returned to MAIN.

SUBROUTINE QUAL 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SUGWOUINF. QUAL I [PMASt * IbAVE 9 1)I0, flrLh, OW9 ANbi UM *NF) QUAL 4
c FAN F ELU I UALI|Y ALiUN1JMM QUAL J
C THIS MIPUrINE IS WEWONSItLL IUW CALCULA1NO TMH wUALItY U rVt UUAL 4
C (*JfMOLLA P IEL. WUAL b

LtvEL et CU9CUM9Ub WUAL 6
C0MMUN/rt U(1Ja.)CFLL(1',3)tA()d8 9W~ NitSNYeUAOUY UUAL I
0IMENSION F1lL(lI) 9 UbIlbJ4l() * ANSIL) * CUN(Jdfbd) WUAL
A#FoIoIM3,,(t)9ASAVE1I bJ CYCLEV 1?
CUMOLEA CU9CFIL9CUNEvCJC NHU 4UAL 9
EQUIVALENCE (CFLLII19US( 1 1) 9 (CUNIl)9CU)) WUAL 10

C 0 SAvE FIELD WUAL 11
NOUNP r Sid 'dUAL li
NUUMNI'tSMFN0Y QUAL 13

IF (ISAVt.Lr.9) (*0 rW 219 'UAL 14
WEAO(M (CU(IZ)#ILuI.NOdIA9UNAUWY QUAL 15
RLtWINU 9 dUAL 16
GO TO 310 'UAL IT
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z12 IF tIS&Vk.Nt.. 4.0 TO 211 WiAL to
mNITEM1 4CU1IZ)*.AL#lNOd~vA.UNAv0MY dUM 19
pfewiN0 1 1AUAL do

all 16 (iAvt.ht*-i) 4o ro ao %dUAL 21
MCAU(i.I 1Cutl4) ,lZLNUd) ,AVUMAW4T 1UAL dd
Avo1NU 9 QUM. 23

IUCQ"6((1.E~qUECO 4UAL 20
P1a3914lb93 (AUM. ib

C C.Ia(U.EQ'l*E0) QUAL d6
CLCRQO40Q0U.CU( dUJAL a?

MA2.P1/L dAL as
L~s. UAL as

AraG. dUAL SQ
OCALwA(f#'1S)j-XI)?A(e)-A (U QUAL 31
IF tDSLAWE.0160 TO So 'Ausa 32

C CONNfECT LINEAR AN4) QUAUHAILC C014OUNI.NTS Of TNt PHNASE. dUAL 3
CALL TILt (AA#AYvRAOLUSI'NASt1b WUM. 34
IFtLP'lASLLT&2)QO TO bO dU4AL is
SNALF*OI1/fwL*RAflUS) uUsA.
O0 b5 js1.Np't WdAL 3?
JIO(J-.L)*NPTS (UAL. is
yso a x iJ) 4* WUgAL
00 * IaI.NOIS WIAL 4

1481041 dUAL 4

O41 0 IRn4LF * A(I)*0Z *~w Q5d UAL #
5IMP a SIN(p411) WUAL 4%
cusp a CUSIOND1 QUAL 46
cuo4s a CjM(1Jat41) QUAL or

*Ci0"4(,141,) a cUc.i .UN(.12)*sI*' (UAL 40
(35 Cu.OCtWjl a CwRSOSINO (N"(j)&c059 (dUAL '9

C OS CUIIJ)2CUtIJ*CLA.W(CMLAU.dALF'ti(mU**Atj)**2)U) dAL 130
t*g CONTINUE WUAL '31

C *00 ST.RENbTm OF LENSE REW4EdUE rTO KEEP dEAE4 SITaMN a.* Wo AT FUCUS 'JUAL ba
F A VCAL*Dd/42.*P#1IWL) 'dUAL 53
UAAA 42) Al 'dUAL 56
0AS~iaOA**a dUAL 56
proo. (dUAL Sao
IZ~A dUAL 131

C APP'.LY LENSk FU CUP40LEA FltLI dA~L. 3
00 4 .4UlNOV QUAL 2
Y4W~ A(M) 0-d 'dUAL b0
0U *xL9.,Vsw3 'dUAL 61
12altio juAL 69
112 a it * .WUAk 63
Ize"I va 2 4I'UAL 64
('NI 2 wit 0 4Afiv*02 * YSWu Ig. /I. WUAL 6%
51'I a 54r4(IP" qUAL. 66
CUSbp a CuOS(P'41) 'dUAL. *?
CUINS a CUoI(Izzooll wUAL 61A
CUNSIlzaNI a Cumb*CO %4& 69)SL(
CW(l) a Cumb*U4V * o"(112)*CUSO QU4M. r0

C CUI WOW~(J fA'kPC~neAN*'.()*)'.' UAL 11
4 PT a OT * CUNmIjZN4A#*2 e Uwt1Laj**g dUAL 72

C 4 oloptoCUl woICue.JomU IL)) odUAL 03

IF I OT1 .1E* 0.03 ou rO iu4 (UAL 14
PWSAVE a ('T 0 UASQ * MOTb I NOY 'dUAL 753

OU 9b lol*m15 CYCLE9 IS
ASAV%41I2 aAMl CYCL99 19

495 CONTINAt CycL&9 do
OAi2VSGuOA CYCL99 i1H ASAVE* UA cyclk99 22
PT5AvEnDt CYCLEV 423
00 300 1219b CYCLE9 24
U6413)/10. cyctC%9 ib

SUG Fd14(I) a U)I. tyCLL9 4*
WMITElu (CU(1j),Il.N001.Aj~xuNAuMY CYCLE9 if

35ISTEPa brp CYCL19 its

I'Va0TbAft CYCL99 it
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DAmOASAWL CYCLX9 32
DASQ xOUdSVE C.YCLE9 3
Ut) 2d0 I u1,NPTS GYCLE9 34

A(l) 8 AtDAVL(I) CYCLL9 3b
920 CON1INUL CYCLE9 J6

tF(1~FEP .AQ. 6 )3 O W 33 CYCLE9 37

F4 CaTIu CbiSTRYCLE9 is
FWM4to tE.* ' CYCLE9 39

335 FuFOPT CYCLL9 40

POSAVKa a OWSAVE/1U00. UM 76

1Loag 'W.Ud QUAL it
P1*OT41OAS4)jt/LU0ZL3 * NPI'a NOY QUAL ?a

C 4ONUIA(*ATE TO tfit FAN I-LL JUAL r9
CALL 4TEO (0,1.4) i.)4.,,.Qu,),.)4UA. so

C CMANw~. A 10 PAN FIEL) A UUAL 0
04) ItIl*Nb'S UUAL. 82

11 A(1)8A(I)/ZLU dUAL di
UAaOA.4ZLO (dUAL, 84
oxbtwUOA@UA dUAL as
UMAAUU. QUAL 06

C LOCAE 4'EAK INLNbII' IN I'i& PLELU WdAL a?
10) Ut) 61 Jzal,0 1 Y 4UAL s

jIm(j-I)*vprS (dUAL 89
00 61 I8IqNa~t5 dUAL 90
IL8a6JA QUAL 91

UdaIL * a (UAL 92
abL CUMI1U-)** * LjN(IUi)#*d UUAL 103

C UZ(Iz aCU(1L 10cuh..I(CU(Il dUAL 94
IF (Uz(1Z3.Lr.UMAA) ,i ru f~i IjAL f
AWAA (I) (UAL 96
1IDEAKzA (J) (dUAL 97
UMAAUUS (IL ) UAL 9d

61 CONtINUE (dUAL 9v
I#HNP1S.r.NPbY)GO To b3 (dUAL too0
00 6e JUINVY' WOAL l4)4

ji Nr,#(d UAL 14)2
jj an4Ti I-.~jo (dUAL 0
00 62 Imi.N9PTS (dUAL 144
IiaI.,JI (UAL 14)5

62 uS(i.(JJ-Iit4PTS) a Ub(IZJ duAL 406
63 UMAgaUMAA/100. (dUAL 107

UN4A~a,'WSA*.P1oU8LOF)Iiee/4.0 wUAL Los
C STWE4IL INrLN~bLTY QUAL 14)9

STWEMLauVAA/UMA I (UAL 110)
C CALCULATt. PEWCENI UF FAN FILLU blQWLR WIt"IN Rd HAOIUb OF 1I'IM (dUAL ill

CALL lPOWWOW4N$T5,UAA.UbAPAAtYJEAA48,.'Me) UUAL I1a
PHU9 a PamE * ZL*49 WUAL 1li

P S PRNO4)O. (dUAL 114
'C LStEP) a94f( CYCLE9 42

C LOCATE INTENUITY L.;'fWUIU IN 'AM FILLU (dUAL 115
CALL CEidAN0 ( N0'ISt UA. g. US* XCINI, YCLNT# UMSA I (dUAL 11

C CALCULATE I'$.4CENf OF FAN P1LO OwN WITHIN Rd WAOLUb OF CENTROWI (dUAL it?
CALL POWWOulf4tfS.UA.A.U5.ACIN.tYCININdW,N (dUAL lie
PHO a P040 * 1LO**4 (dUAL 119
POK a P40.41000. WUAL 1a0
IF EIbTEI'.EQd6) GO 10) b94 CYCLE9 43
IF (ISTE'P.tLd.1 0MITE(atMPLY) CYCLEV 0-4

bV10 FOMMAI (~bAv19mfLUA IN IWL/O, AdOUT CYCLI.9 4bs
A 20t4 TRIAL FOCAL L&NUT?9 4A*AftMFOTAL DCALC FLUA *CYCLE9 66
A 9A94tqlAA.9A.8MCENfULU I CYCLE9 b?

e.4l1b (69594)U) ITEF9OWSAVA",.'NA.*'wf CYCLE9 4$e
S990 FUMAT (im .,la(.,A .F..2..,S,?1 CYCLIEV 69

wi TO 593) CYCLE' 5
5904 *0MITE(692940) P CYCLLV' MI
bV40 FtOwMAI(22N OPTIMUM I4ESULItp A[ F0.01d.4) CYGL69 52

w'4&TE(691321 MU,~8~,ACINt.YCINT.NW.~M .UN ,oAPEAM.YPA.'SAWKOU (dUAL 191

132 F04MAT11115M OCALC FLUA IN 4*196,or WL/OU.(12a4941H AUOUt CENTRO1D (dUAL Ida
A COOIOINArES,2GI2.*//15N ULALC FLUA IN 0F3#2o6N AL/0896ld.49144 Ad QUAL Id3
AOUT IMAA OF 9GI614li CUUMOIr4Attbv.2(*1.4//18M TOTAL OCALC FLUAN9 (dUAL 1966
2012.4.224 'w&FENVYCE UIANtTk'EaeF6.J) (dUAL 149b
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:I'

wIL t 1O~33) StHWiL QUAL L do
iJJ FOW#4&1(/19M 5VKLML INLbIY 8.01L.0} QUAL L97bVJQ CONTLNUE CYCL99 P

IF111EP.b~b)00 T JobCYCLE9 b
ANS(I) 0 000 UAL lid
0S(d) 8 PWAVE WUAL 139
ANSIJ) aU UI4kA UAL kJO

IF 40 TI [.b UH.) 5U QUAL JJL
ACINr a CAI) e U UAL 1i
'VCINT a YOEAK QUAL 133

*rbj a ON U4IIJ

c F4MAR UNCIFIL PUAN FILLU POLorS ANU CALCULArE ROWtR VU. *LA' VAO UAL 13b
b3 IF (I'T4.& CALL iLTOT( 0001149 UA9 he Uf 4AA, 4.. Ube 1009 QJUAL 146

A rIrLk.*'t.AL1Nr9YC1Nr,,)e.AL) A'd
C -- *** jfolf FLELu JUAL lit

4o CUNRiNUt CYCLREAI '
tF(tbrk.t.*i.. 4o1 TU ibo cYL19C 13
'4EAOCL) (CU(1,L.IJ8IN4JWIA9UNA#UMY CYCL19 131
WE1NtU I CYCLE9 ~
tF(IbTE0*LT.%1 thO To JeS CYCLEV 59
PQ 3ft 1419 CYCLL9 61D

Calld frm: G Llr

.'4P~u.'I1)CYCLL.9 63
Fua L Up' UFT,4 SI) CNCL,9 4

vs cuNr opute CYCLE9 65
GO TO 34b CYCLL9 66

3bo CONTINUE CYCLL9 07
IF 6vk.te.N 1) polyvmm QUAL 149
HLkAOMP 1CU(LZ),IZM19NUtdlA9VMX9UNY WUAL 140
ReaIM~U dUAL 141
RETURNi iAUAI. 14Q

200 W1TEI4,e~lI QUAL 143
JUL FUNMAttJOHONU PUwtk IN UEAM -J~d R1LLOI WUAL 114

Slo QUAL. 146b
EMU WUAL L1#6

24. SUBROUTINE REGAIN

Called from: GDL

Calls: BLUMIT, CPUTIM, FIJI-S, GAIMXY, ISOCAV, SIMPGG, vrNo

a. Purpose -- REGAIN is primarily a driver program to direct the

recalculation of the cavity gain medium at the end of each iteration as shown

by Figure 51. Subroutine REGAIN computer printouts follow Figure 51. The

routine controls the type of kinetics calculation (numerical or analytical

closed form), calculation of the FUlS effect on the medium density, genera-

tion of plots, and input/output of medium data on disk. Most of the control

for this routine is read in from subroutine CAVITY.

b. Relevant formalism - The only formal calculations oerformed in
REGAIN are the summation of cavity aerodynamics and FUI-S effect induced

optical path variations, and the averaging of newly calculated gain distribu-

tion with that of the previous iteration. A simple linear averaging or

weighting algorithm is used:
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G = (G° (I-A) G A) exp ((2iiX) OPD) (153)

where

G is the amplitude gain field from the previous iteration,

Gc is the newly calculated amplitude gain field,

OPD is the sum of optical path differences,

A is the wavelength.

Argument List

NCT the number of cavity elements in the resonator

NIT the iteration number

Commons Modified

ICCG/

Variables Modified

CG the complex gain field

Relevant Variables

AVGG weighting factor for averaging new and old gain arrays -

defined by input to GDL

IBASE integer reference number to control reading and writing

power densities, gain, etc. to and from disk

IPDEN* flag for plotting power densities

IUSE* flag for FUHS calculation

NGPLOT* flag for plotting gain fields

NGTYPE* flag for controlling type of kinetics calculation

NSA* number of gain/phase segments

NXA* number of points in flow direction

NYA* number of points across cavity (side-to-side)

*Defined by input to CAVITY
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SU3ROUTTNJE REGAIN 76/17A (IDT= I FN 4.6+4S2 04/27/79 12.23.47

SudI4OUTIMt WtGAINtNCTqN1It mfitAAN a
C Tools ROUTINE ONECTti (14 rret WECALCULATIUM OF GAIN AfrEW A HL4AIN 3

C RESONATOW LTLRAr1ON AND (d) ;ret 5ENtMATIUN OF ANY Sb'tCIFILU NtAAIN 4;I
C PLOTS OF T00i CAV17Y PARAE11L~b. NtbALN SLEVEL it CU9POu9G.ktC4 WtU(A1N 6

LE[VEL 29AC CUWRa 9
COMON/MLT/CU~i1d4)CF1Lt(b12h*A412a),uLNgPrS.NPY9UwAoUN M&JALN I
COMMON iCCb.i C(11L100) CIOOENS 32
COMu /46GGG U(17100) 4UQ77cy1 109
CUM'40NCAV2/ AC(S) 9YC(b),LZC(I 9A(bINY(W NS(b; A4L1!5I.YMCd4. v ELGAZN
I NOTY1SI. MOPLUDS. LIsI!). 100454. WGAIt4 9
2 SSANIOAIW).EA~.4j4) tbIAIN 10
3 'VELI9),GAM(b).AMACM()TV1I9).tV~iS4,TVJ(5pT~tN2(5ITSCAV(9). WCOALN 11
4 PSCAV(5),PV1S3,FN2(,)FC2~b1,F20(5)FCJ(5,F2(5), KtU.I 12
5 TITLE42U1,AVG(!pI.NSYM ML(*AIN 13
OIMCNSIuM 01001J1061G1j4 CIODNS 33
C0O4PLEX CUoCFILtCUCARAY MfAIN Is
EQUIVALENCE IPD0(13.CFIL(1)2 9 sufaricyl 190
A IP11),CU1) CluotN9 34
CALL CPUtIM(ISRr) REGWAIN is

C CAKAY 2 WML(.2O.1I9/j ~AIN 19
TPIOL a 6.283184 / iL REGbAIN 20
00 100 NGCVaAtMC7 NH.jAIN 21
ISASE a 10*INCV-1)011 NEGAIN 22
NGTYPEeNGTY (NCV) IkiAIN 23
NGPL UT mmbPL INC V HLOAIN 24
IUSE*LU(NCVI NEGAIN as
LPUENSII'U(NCVI NW(IAIN 26
AV(2aVG (NCV) MtGAIN 27
NSA*NS (MCV) W4.QAIN 268
t4AAnNA (iLV) WEGAIN 99
NYA=NY (NCV4, (NSY'4 1) HLtiAIN 30
t40 FuNAAONYA RAf,I 1 M 1
NEWC a 0 KeLGA1N 32
Mpq a a REGI(AN 33
DO 90 L*19NSA MEUAIN 34
IF ( NGPLTft.-1 GO TO 18 Wi4GALN .35
NGjPLUT a 3 MEUAIN 36
1110CM a 3 MEGAIN 37
lust a a NtOIAL is
IF fIU(NCV).4Ee1) lUSEmJ MEGAIN 39

1d IPPPwl4ASE'9.L RE~GAIN 40
I4EAO(10911) (PfIZ)9I~x19MU1I I4EAN 41
REW1140 IIAPP REGAIN 42
IF (LOOE*0r.11 CALL I5OCAV(I'. NCV. go L 9 mewcomirowLi ktUAJM 43
IF iIP0EN*CQ1.OA.IPuEN.~.u.J) CALL VIMO(o0*NCV, L 9MIF*2MOM) 141LALN 446
ICCLAISEOL WLUALN 45

C CALL NUMICAL. GAIN ROUTIMt. WCGALN 406
IF (NGTYP'SEgol) CALL GAINAY1909MCV90) MEI*AIN 47

C CALL MULIIOCAM THERMAL. BLOOM4ING WOUILME MIG(AIN 48
IF (NGTY1E.EI.23 CALL dLUfMIT(11,G9CVvWL) IftGALN 1*9

C CALL CLOSED FOR04 GAIN ROUT LIN RUAIM !Po
IF (MSTY10CL(Eg.) CALL SIMP44WII 90.MCV) WILUAIN bi
IF I NGPLOT *G(.2) CALL LbUCAV(G9NCV9I, L ,NIEWC9 MIT# WW. HtIAIN 52
IF (NIPLT.Lg..OR.NMLOr*&Q*s) CALL VINU(Gh.NCV, L ,NII.19NMM) WEGAIN 53
IF 41USL.WE.1) CALL FUMS(1' 90009MCV) REGAIN 54
IF 11USE.GEi, CALL LSOCAV(W'U,9 fCV9 .i. L 9 Newco rmirs awl RGAIN !25
IF (NGTYW1.t'd2e GO To 2b fNLtALN 130

'4IaINU IMAbt 1qEtAIN 138
J u I F (IuSE.EQ.-1) 40O TO it WttiAIN

If fIUS6.LU.UOW.Iut.EQ.j) CALL I5UCAVP9MCV,5.9LNtwC.NIT~wL) WtUAIN 40
If CIvuSCEQ.0, 00 TO ib P4L.GAIN 41
Do 22J j aLVUT Wt WA IN 62

22 0 (.1) a W41 .j *uu 11 J I MtAIN 43
IF I 109k @(A*. J ) CALL ISOCAVIPNCV949 L 9NIwCvMLTWL) WtAIN 44b

db IF (AVGG.tUeAO.) G4O TO 21 HtAAN 49
'4(1041CC) (CbIILI.IS1.LmUI) MtfALAN 40
"Evelma ICC wtMAIN 0?
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gol 2) 110 11610MUT NtAIAN 66
RP41 a P(Il) 0 TIUL wmt.AZN 640

C 110 C(11 4j1)*1-V~)CASC)*~b) *CLAP(CAXAVOP'IL)2 REGAIN 10
110 C5~(11) .(t1I1-VG.CdI0L(laJh)*NAIN 11

x CM10LA( COS(2'MLJ S 5N(W"1) I Wt1iAIN Q2
GO TO 23 RtA IN P13

91 00 114 IIUI.A4UT REAI(N 14
PHlI a P((11 * TP'1W. Wt4A(M 1

C 112 CG(l1)SGIII)*PCECPICA(AY('(11)) REGAIN 16
112 CGt11)XGfI1)CM0ILAlCUS(0"1nh SIN(P'l1) 2 MOAIN r7
23 wMLTEIICC) ICG4£l2.£LaxeqUr2 MtoaIn to
90 NEtWINO ICC 14LGAIN 19
100 CONT INUE REGiAIN 80

WRIE1~6910) N4EGAIN &I
10 POOMAT4QMGAIN HAS dtEN UW0AlEO FOR IME NtAl PASS)REAN 2

IFrIGIYPE *EUd. 1) NRITE(6910) REGAIN 83
11 FOAMAT(314 USING NUMERICAL KILNETICS NUUEL) REGAIN 04

IFINGTYPE' .AQ* 01 4MLTEI69141 Nw.WAlh s
IPINOtYPt L10e 4) w0ITf(6.19) REGAIN 86

19 PW4NAT04 USING THERMAL BLOOMING ANATLYtIS I REGAIN V?
12 foumArtigm USING ANALYTICAL AINITLCS *E0OdL) Mb(AIN 5

IPI~USE .GT. 02 wNLttt691J) MtGAZN 69
13 Fom#4AT(70.q0OE.SITY VARIATIONS INUUCLU NY LOWERl LASERi LEv6L RtLAAAT REGAIN 90

AION CALCULATED) RE~GAIN 91
CALL CPuTLM(IFIN) Mt(,AIN 92
OELTUI ISMY-IFINI /100. N4~tiAlN 93
oplITE16.4S) UE11. REGAIN 94

4S FORMA(Irl0.Gl2.b**9m SECUMUS UP CP'U l1Mt SPENT IN SUdROUFINE REBSI REGAIN 9b
AN /1"11) REGAIN 96
~e TURN W t (IA 114 9
ENO MfGAIN 96

SUBROUTINE RGRD 76/'176 OPT=l FIN 4.6+452 04/2-7/79 12.23.47

SI6RvuTfivE MNO INN60) 0" 2
C MONO 3
C rmls twUUrlm wEaftLuS CU f*RUN A Ne.'t5.e ARRAY W AN *b 4
C NMOO**d AIMAY USING TNt bAMt UW4IO ELMtfT SIZE AS rHE WONO 5
C ORIGINAL ARRAY. MuRO 6
C wbkO 7

LLVEL 29 Cu#CFILR MGMO a
CUNNtUN/mELT/CU(16JS4),CF1Lt1b12)A(14s2,wLNaTS.iPY.UNAoUHY 14(.M 9
DIMENSION CFILR(327681 MONO 10
CUeG'U.A GUCPIL WORD it

UIvVALE.MCE (CFIL(1) .CFLL~tlJ 5 HONO 1a
OASA (2) -A(12 MbMO 1.3
NPAC a NOPTS/04PY 140HO 14
NYA~u4NN~b0..NTS),'4 kGRO is
NAA08 (NNOO-NPTS) /2 M6MO 16
All) aOA*Q-1tMRGJI/2. MONO IT
u0 £0 lsdpNboO mmoO 1e
A (0s AlII) '(A MONO0 19

10 CON4TINUE WORD 20
C *NITE(6*101)A(Il2AlNNO) AGNO 21
C 101 FUMAAT(,/l0A*6NA(I, *,I.4I.HANOQ ,12*4// "ORO 22
C CALL ZERO lCFILtI),CFILIIStJQ4)2 MORO 23

00 173 ILEN~uI,3alba 4MRO 24
103 CFILN(IZk.20).0. mmoN as

00 20 intomPY RmuN 26
I NUA a.NOU(INY AU,,J- I) *NAAI) "SNO 47
N6ASE*(J.1)*MPTS MONO 29
00 30 fe1.NVTS MONO 99
CPILCIMOA.I)NCU(NtfASE*I) WORD 30

30 C~rVNuf MONO 31
20 CONTINUE MORO J2

MPSOAON0GO J3
NPY a NPTS/NFAC MONHO 34
NSQ~uNPTS*ONP WORD is
00 40 LN4SI.ISSON MOO 36

CU~m)CFIMONO ~w 3?
4CONINUEL(M ROOD 34
RETURN MORO 39
E NO $1O00 40
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25. SUBROUTINE RGRD

This routine regrids a complex amplitude field by adding zeroes to the

array on all sides of the input field. Figure 52 is the flow chart for sub-

routine RGRD. Points added have the same separation as the original field.

No interpolation or other formal calculation is necessary. Use of this

routine has the effect of increasing the guard band around the field.

Argument List

NRGD desired number of grid points across field

Relevant Variables

DX separation of grid points before and after regridding

INDX counter or index used to locate old grid within the new grid

NSQR total numer of points in regridded Field

Commons Modified

Variables Modified

CFIL temporary field storage array

CU complex amplitude field

NPTS number of grid points in x-dimension

NPY number of grid points in v-dimension

X x-position array

26. SUBROUTINE ROSN

ada. Purpose -- The purpose of subroutine ROSN is to provide an accurate

and rapid numerical interpolation subprogram for the evaluation of cavity-

induced density perturbations. The subroutine uses cubic spline processed

data representing aerodynamically parameterized --- data to interpolate to the
0

cavity mesh for the run in question as shown in the ROSN subroutine flow

chart (Fig. 53), Subroutine ROSN requires that the user specify the relevant
cubic spline coefficients and Ao values. The subroutine calculates 6 for

0
an arbitrary cavity mesh point, (x,y).

202

-L. 1



CALLED BY GDL RR

F O 010 RGRD-18
REDEFINE X ARRAY I 1,ND

[ X(-) RGRD. 19

10 RGRD.20

00 20
R GRD. 26

I =1, NPTS'

CENTER OLD CU FIELD IN CFIL(M) RR.73
NEW FIELD OF ZEROES =CUMI GD.73

20 RGRD.32

D O0 40 2 R R 3
I .1, NRGD2  GD3

REPLACE CU FIELD CUMl RGD3
WITHI CFIL CFILU) I GD3

40 RGRD.38

Figure S2. Subroutine RGRD flow chart.
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ROSN

INPUT CAVITY1
COORDINATES IROSN.2

x,y (xs,ys) J

s 1XLSWL + XS YS C IEALLA(LEFT ROSN .12 TO

2 TM(L)J 'WINTERCEPT JROSN.32
D*jlEZ 12 I( NTERPOLATE FOR RS.3T

-(-G(E) +C :ID 0 (S,)RS.3T
6~+ Ej ++ , p ROSN.39

= z_~+FD *C- F (E)) EVALUATE ROSN.37

r[XLS(L) 1W-VS)1  CALCULATE 1ROSN .42 TO
S + XS - W SIDEWALL (RIGHT) ROSN.50

L 2 TM(L~jINTERCEPT j

INTERPOLATE FOR RS.3T
S(SeR) R~ROSN.39

USING SAME
EQUATION FOR R, R

EVALUATE TOTAL
XNZ =CRHO(1)*Rl + CRHO(L)*R2 FLOW FIELD ROSN.S1

PERTURBATION

Figure 53. Subroutine ROSN flow chart.
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b. Relevant formalism -- The SOQ Cavity coordinate system represents a

regular mesh upon which many perturbations are applied. High Mach number flow

produces ordered density gradients which may degrade beam phase relation-

ships. Given arbitrary flow field interferometry it is possible to parameter-

ize fringe shift CA or AOPD) as a function of sidewall parameter s, where s

is determined from the cavity sidewall projection of Mach lines, as shown in

Figure 54.

Nozzle Sidewall
Exit Plane

Interferometer Fringes
of Constant OPD

\ Sidewall

6 Mach Angle

Figure 54. Fringe shift as a function of sidewall parameter.

From interferometry data and the above concept of sidewall projected data,

the following parametric curves may be defined:

The curves shown in Figure S5 are fit using cubic splines, and the table or

arrays of - f(s*) and C v g(s*) (spline coeff) are stored in programo

DENSY. Subroutine ROSN is used to interpolate from (x,y) in the cavity to

equivalent sidewall position sright and sleft to determine using the above

spline coefficients, an interpolated value of.lef f(Sleft) = H (x,y)

.2.1y (154)Iright = g(3right) K(x,y)
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-2 -1 0 1 2 3 4

S* Sidewall Dimension _S

Nozzle Exit Plane Width W

Figure 55. Parametric curves of Mach lines.

The ~±.at the point (x,y) is given, from supersonic flow theory as:

0CLITotal CL Ileft 0 L Iright

0CTotal C

AP A(X,y

The Spline interpolator is:

206



+ i +O Si+l .-Sii
1 il- iS

S S iS +S (S- S5)

R15-S 3 i * -si (155)[Ci+l \%1-1

The interpolator is evaluated for each of a right and left wall contribution

along the appropriate Mach line.

Commons Modified

None

Commons Included

/LENSY/

Relevant Variables

XS Position in cavity in cm along flow direction

X.S Position in cavity in cm orthogonal to flow direction

XNZ Interpolated perturbation to flow field at (xs,ys)

S Sidewall location

R Interpolated density value

/LENSY/

Y (51,2) <-> abcissa y(51,1) <-> leftwall

y(51,2) <-> right wall

Z (51,2) <-> ordinates; same convention

C (51,2) <-> Spline Coefficients; same convention

TM(2) Tangent of Mach angle - left and right sides

XLS Relative position of nep. read in subroutine densy.

W cavity width (cm)

MULT scaling factor usually used to scale from % to absolute .

CRHO Center line density left & right, may carry Gladstone-Dale

constant
M(2) number of left & right data points respectively
TITLE Alphanumeric title

LL No. of sidewall projections i.e., if left right symmetry is

assumed, then LL-1, otherwise = 2.
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SUBROUTINE ROSN 76/176 OPT-1 FIN 4.6.452 04/27/79 12.23.47

SuUkR1NEf4 pOSN4AbqYS9AMJ) Mb
c CAVITY .)tMsiry FELD,. LWEM0OULAriun ouuhil~ NOW#
C THIS ROtU(INt UbL $LINE CU~tF1CLmNIb TO INTEPO4LATE THE CAVITY RubN 4
C DENSITY FIELO WIELTA omu.'e41u Amu so4iiv COEFFICIENT VERSUS ub
c tiUEdALL P'ANAMLrEg4h ) ONTO Tht CAVITY MEVil. mubN 6

A AMULT~i~l CNMOti)o M(d)s rlrLL(d0) LL musk
DATA JdZ I4USM 9
F (Al UA*A- */J. PCOSN 10
G(AtAU4(A*A1.) MUSN 11
L a I USN4 12
IYajqI) -1 kus 1W
M04 a " (L) WOIN 14
ITLST*0 Rusk Lb
S&(XLs(C)/2.*MS-YS/TM(L))/ Rus 16S

I IF4S-Y11,*LflJU,?,7 Musk1 Is
& IF S-K Y 14 9 4 0 ip 9 Musk 19

9 JaKY Rusk d
dQ YOI*Y(J*L)-S I4UsN 21

YU2~AY(IJ*1 .L) -S MU405di

IF YO1*YUZ)5qS*2 14051 23
d2 IFfYO1)LU.10923 musk1 44
10 .JaJ#j 1401N ids

IF(J-1(Y)dQ911*11 MubN 26
11 JMKY Musk1 2?

GO TO 5 WUSN1 do
d3 .JaJ-I MO051 29

tF(J)12912929 M4051 30
12 Jai NUSN it

S JPMJ*1 Musk1 J2
Na8 (JP9L) -Y (J#) RQ5N 33

OuS-VJ.LD1/HRus5k 34
taj .-O 4M5sk is

G0 TO 31 M4051 38
30 Rev. 14051 39

145.0. 14051 40
31 IF(LTEST)329J2,33 musk1 41I
J2 IrESTal musk1 42

P1.04 14051 43
L a C.L M4051 4

KM A MM(C mus5k 45

RI1514051N 47
Sa1XLS(C)/2..Ab-(W-Y5)/TM(C) 3#W R4051 46
4=1404-4 Musk1 49
GO TO 6 14051 b0

33 Z4LCHMM(1) * R1 * CRHO(C) 0 14 10514 51

E 140 musk1 b3

27. SUBROUTINE LINTERP

a. Purpose -- This subroutine is used within the SOQ code to linearly

interpolate sidewall projected cavity density information from sidewall

projection to the cavity mesh. Data -are stored in compressed form as

univariate curves of . P. versus sidewall projection parameters s, from which

- at any point in the GDL cavity may be obtained as shown in Figure 56.
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f
XRI

W Cavity
(X, y) Flow

(0,0) I

NEP XLI

Figure 56. AP/o cavity density information.

The interpolated -value is calculated to determine the equivalento

flow-induced lens which is to be applied to the propagating wavefront. The

lens is the result of flow-induced inhomogenieties such as ordered density

gradients (weak shocks) and uneven thermal distribution.

The LINTERP subprogram (Fig. 57) calculates the sidewall parameters

from interpolated cavity position (x,y) and Mach angle. With "s" determined

for both right and left cavity sidewall projections a L-contribution can be

determined for both sidewalls and linearly combined to give " = f

b. Relevant formalism

Left Intercept:

-ta__ xY +x (156)LI tanO

where

(x,y) = interpolate position

XLI = Left intercept

tane = tangent of Mach angle

sidewall parameter s

S XLI (x-y/tane)
L W w
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CALLED FROM DENSY [ LINTERP (xs, ys, DP)

CALCULATE LEFT r
SIDEWALL SL +ZJ4W + s/TMU- C1OLINT5 -

PARAMETER [;W Cl OLINT,9

FOR INTERIOR
POINTS f(S) ClOLINT 2 1 '- I -

INTERPOLATE TO L ClOLINT,39

G ET /

CALCULATE RIGHT XLS(2) (W-ys) ClOLINT43-..
SIDEWALL SR 2. + xs- TM(l/W C1OLINT,44
PARAMETER

FOR INTERIOR
POINTS INTERPOLATE "-R 2 g(SR)

TO GET

CALCULATE RIGHT
AND LEFT SIDEWALL

XNZ DP Cp R C ClOLINC+71
PHASE CHANGE OLL RP

IN RADIANS

URN

Figure 57. Subroutine LINTERP organization.
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Right Intercept:

tane =w-y
X-X R (157)

(x - x R )tane =(w.-y) -x tanG

-- (w-y)XR iLz= - + x
R tans

R= x-(w-y)/tan e (158)
SR 

W

where

w = cavity width

tan 0 = tangent Mach angle

(&npositive angle)

Commons modified

NONE

Definition of relevant variables

TM Tangent of Mach angle

XLS Arbitrary sidewall intercept offset (cm)

w Cavity width (cm)

CRHO Composite constant = CAL p0

Subroutine LINTERP computer printouts follow.

SUBROUTINE LINTERP 76/176 OPT=l FIN 4.6+452 04/27/79 12.23.47

SUVROUTIN 6LNTtPMtASYS*AftV CIOLINI I

410QLINt 2
A MuLYIg),CJ4Hugj)..4Ia),rIILE(+,LL CIOLINt 3

C***** CALCULAFE %LOEALL I4AMC.IEM PARof'*E**'****** CIUULINT 4

""VAL CIULIN ?( ~~SLm( () A S -YS/TM(LJ1/W ULf ?

IF(SLeLT*YtltL)) W O b CIOLIN a

C *e0e0* FIND 1 POSITION IN Y ANMAYV
O
O*0 CIULINF Io

UO 10 1 a IVA" CLULINT 11
IF(SL.GrY(Il,)l 40 TO L4 CIOLIN 12
F(al CIULINt 13
JALMISI-1 C14LINI If*
YSLUV Y9L) CIOLINr is
YS91a6Y1g-19L) CIOLINf 10
GO TO iS ClOLINI 17

10 CONTINUE CIOLINT is
is CONTINUE CIOLINT 19
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C 9*0***UETIJ4MLNE ONHO CiVi WHOG& **** ;1ULL~r Z0
C **000* Fog IN7Ej1O4 POuINTS **** CIOLINt 21

YOILsVSL -YSLI41 CIOLLN? 22
YO2LMSL -YSLM1 CIOLLNr 23
Ob4*iOla Z(I(LPL) -Z(A~.4.L) CIULINT 2*
DRHO48 LEKL,41,L) CIOLINT as
LLL81 CIoLlt~r 20

C IF(XS*GT.20.) CIOLfl4T 27
C ANW4Th692)LALML.Y(KLgL).V(FKLM1,LJZ(KLL),2(KLM1,L) CIOLINT ids

92 FOR1M&T(.iAo*UU 10 LO0*2b94(bX01S9M3 CIOLINT 29
HMOL s4Y04L /YUIL)*WOLO # UNNO4 CIOLINT 30
G0 TO 20 CIOLINr 31

5 OMNOL a Z(1.L) CIOLINT 32
LU.22 CIOLINi 33
Go to 20 CiOLZNt 34

6 O~ahOL a £(MM.L) CIOLINT 36
LLL83 C1QLINr 36

40 CON4TINUE CIOLINt 37
C IlA5.SGT.2@.)uR1TE(6.99)LLLLOlHUL CIOLINT 36

99 FO14ATI1UX9I$*2IbA9E11.7.*9 LU. St. UkNOL*91) CIOLUIt 39
CO*O* CALCULAIC S1OCWALL PARA14ETEN (AIONTE**4*@ CIOLINt 40

L8LL CLOLINT 41
M. MIL) CIOLINT *2
SHO(ALS(L)/2. * AS -CW-TS)ITMIL))/W CIOLINt 43
IFISW .Lr.Y(1vL))G0 TO 7 tIOLINt 4

*-IF(S4 G*GY(MP49LJJGO rO IS cLOLINr ft5
0O 40 LulNM CIOLINt *0
IF(SN.GT. YII.LJ ) ro '.) tiOLINt *7
K1481I CIOLINT *6
lKHM~s I - I CIOLIt~t *9
YUWlsY(l(NL) - YIKWMI*L) CIOLINt so
YONZU SA~ - YIKWA19L) CiOLINt 51
GOi TO 45 CLULINt 52

*0 CONTINUE CIOLINt S3
45 CUNT 14UE CIOLINT 5*

UiNOR~a dIK9L) 21(IWMLL CIULI~t 55
Ob4,iOA2M MMI 90t. CIOLINt 50
OMNOW8(YU.42/YDH01*ONNOML # OWPMO4 tIOLINt 57
KA~v I COIT 5

C IF( x.tj.r.) CIULI~er b9
C CIOLINr 60

VJ FUWMAF(hA#*UO 40 LUJ'*,dIjt*(bAse.L5.M) CJ.ULIM4 b1
CO to bu CLULINI 62

7 ~UWM) 6ZsL lftlIr 63
K~gzi!4Na~1L CIULINt 63
04) To !)u CIULINI 6'3

8 OWiOW X i(MeoL) CIULINI 006
uKK~as CIOLINI 6?

'30 CUNT I NA WOILINV be
C IF(AS.GT.JU.)wNlfEES,1l9I.),A.poW*4mUm lLr

XNLV 0RNUL#CNMOU1I # UWMUW*NCinU(L) CIQLINt I1
C lFmXS.6Te29ebWNLrE(69dV9I CNIU4II.CI4MO(LI GIOLINI 72

&J~9 PONMRT QUA o*COMO 11) 9CMIUILI *t2tkIj.?)*/E CIOLINt 73
ITUN CILINT 1*
EMUJ CLULI~r 75

28. SUBROUTINE ROSN6

a. Purpose -- Subroutine ROSN6 (flow chart organization shown in Fig.

58) is incorporated into the SOQ code to allow inclusion of the cavity

density field from direct interferogram data reduction. The data from inter-

ferometry are assumed to have been fit in the y (parallel to NEP) direction

by cubic splines, using spaced points (not necessarily equal).
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' ROSN6

ENTER WITH CAVITY
X, Y MESH POINT

DETERMINE X
LOCATION RELATIVE ROSN6 .12 TO ROSN6 .27
TO AVAILABLE SPLINE

FITS

DETERMINE Y
LOCATION IN ROSN6.28 TO ROSN6.44
RELATION TO

•AVA I LAS LE SP LlN ES. LOOP

INTERPOLATE TO ON
DETERMINE 3 VALUES

OF ROSN6.45 TO ROSN6.49

AT Y

SET UP CUBIC
SPLINE ON 3

VALUES OF ROSN6 .50 TO ROSN6 .63

AT CONSTANT Y

EVALUATE SPLINES

AT (X, Y) ROSN6 .64

FOR P

EVALUATE
ROSN6 .65

ACD

Figure 58. Subroutine ROSN6 organization.
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Subroutine ROSN6 is a bivariate interpolation of the spline fit data

using cubic splines.

b. Relevant formalism -- Subroutine ROSN6 uses the following procedure

to interpolate the available spline data for an arbitrary cavity mesh point,

(x,y), shown in Figure 59.

(1) Locate * in the spline fit data.

(2) Interpolate, using the spline fits at constant y, for the

value of A2 at the nearest three x values, (L).p
(3) Construct a cubic spline in the direction (x,,y*) and

evaluate at (x*,y*)

(4) Modify - - (x*,y*) by (x*,y*) to obtain Ao
PCL 'CL

in the desired units.

See page 214 for subroutine ROSN6 computer printouts.

V
x

J *" (x*, y*)

S Spline Fit
Mesh Points

a Interpolates;

(xi, y)

Figure 59. Available spline data for an arbitrary cavity
mesh point.
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Commons modified

/MELT/ not modified

/MELT/ is used to transfer in the following data:

x<=>cavity flaw direction coordinates of spline fit data

y<z >orthogonal coordinates of spline coefficients

z<z>ordinate at each (xi.,y.)

C<=>corresponding spline coefficients

M<=.>Index array for constant x.

N

ROCL intended to be P at the center line but may be an artibrary

scaling parameter.

Relevant Variables

xx cavity x-position

yy cavity y-position

XINZ ordinate interpolated at (x,y), normally Ap = f(x,y)

SUBROUTINE ROSN6 76/176 OPT=l FIN 4.6+432 04/27/79 '2.23.47

Suv~ourlivE ,IbN64XAAYY@XANL) HubN6 2
C THIS HOUIINEI 1a UtitU 1U LIL PQLAIe. Irt (.AVItY UENSI1V Fk.LU 14ubNb 3
C I(JLLIA AM4M(IO1 A140 SWUNE (.0tFLC1Nr VtPkbUS A ANO Yr) ONTO TMt )qobN6
c CAVITY MtM NO5N6

4LA6EL 29 PUUM I4USNb 6

COMMUM / '4tL1 / PUVM4d0OUU )# Aldl) ,MUSN6 r
A YW12111 1(1k.i1).C(~,ildU.tl)9,N.NloiloCLOUMVYS(407) Comma2 to
ukrmIUN FIjI ,H'(j) NUbNG 9
OAIA I../2ad/ W05144 10
G(A)*A*(A0A-L*) IIUSN6 1k

C C0046UWE LUCAIZON OF AA IN AIL) A(I) .WL.9 XA *LL* AMN Nqbt4*6
IAOM2 )4obN6 13

10 1018AtII)-AA M4JNO
RU2*A(L!*11-AX ONS5r is
IF IAUOL04~)Z9914 wubNt 16

12lfix(10 *(IT. 'S.D Go TO 13 MOSMN if

11 A 111 I4USN6 is
IF11 .0 A)(oto1 os#e il9

so TO a PWSN6 21
13 It a 11-1 I4OSN6 9

IF(II *Gle Of GO TO 14j MOSNO 41
11at M146 b

C CUMPUTE TMWEL VALVLS OF Z.ANU UZ/UY Al T Y WANG i
2 L8hI#d *105MG 2b

rn~a 4I0sNe 27
c c 7;riLOCArIUN OF Y'V IN Y(MWjfl YIf *Lt.* YY *Lt. Y("411) asMb 2

00 6 IsZit. *Mb 2
IIIaUMI*I mQ14M jo
AYM(L)-1 MOSNO 31
IF(.J .15. 'KY1 JdAY *105M 32
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e0 YUxY(1j)-YVY WQSN6 J3
Y02 a Y(CI.*)-YY MUSMN 34
IF (YULYU?1 #5V22 WUSN6 35

d2 IF(YU1 .kt. U G0 10 23 NUSN8 J6
Juj*. LOSN6 37
IF(J .L* KY) 00 TU 20 WUSN6 38
JUKy NUSN14 39
50 TO 5 RUSN6 40

43 Jaj-I NUSN6 41
IF(J .oT. u GO ru dO NOS 42
Jal MUSN$ 43

5 Jvajo1 MOSN6 44
M Y(ZJ0)-Y(1,J) ROSN6 45
D2(YY-Y(19JJ)/M ROSM6I 46

NIJSM 4?
F(KK)zUeL(I, ).Ee(,J)*Heo.O~eCkLJ)obU.(I,tPOG(O)) NUSNO 46

6 CONTINUE NUSNO 49
C COMUTE Z9OZ/OXUZ/O)Y AT AX FNUM CUdIC bflNk THROUGH F ANO FO NOSN6 so

M22A(l*d)-A(11*1) NUSme s
IF(A(I1*1)-AA)I8,9d WUNO 53

7 U &(A-A I.*))/ e MUSN6 b4
KHd USNO 55
MaM2 NUSNO 56
GO TO 9 NUSN6 57

8 0x(XA-X(11))/"i NUSNO 58
Kai 04UbM6 t19

Hank WUSNO 60

9 EaL.-U NUSN6 61
1405N6 62

ThMS4*M.*((E)o(U I USN" 63
XNrUeO* (A*1) -LOF K) .CU*rEM WON6 64
ANZRUOL*AN xUtjN6 65
KETURN NUSN6 66

ENO iOU5NO 67

29. SUBROUTINE SIMPGG

a. Purpose -- SIMPGG is used to calculate loaded gain for GDL cavities.

It uses the E. A. Sziklas closed-form gain solution as derived in Reference 1,

instead of numerically solving the appropriate GDL kinetics differential equa-

tions. SIMPGG also finds the intensity emitted at the gain/phase segment for

use in FUHS. Figure 60 shows the SIMPGG organization.

b. Relative formalism -- The effect of the interaction of the light

with the medium results in an amplification of the light beam as well as a

phase change. Analytically this effect on the field is writ-en

U (x,y) = t(x,y)U(x,y)

with

t(x,y) - _g(x')1L E x
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SIMPGG

INITIALIZE SIMPGG. 15-
PARAMETERS SIMPGG. 22

GIVEN NCV1,

FIND THE GAIN SIMPGG. 24--
AT THE NOZZLE SIMPGG. 32

EXIT PLANE

FIND THE REST OF SIMPGG. 33--
GAIN ARRAY SIMPGG. 44

D Al fSIMPGG. 49---FIND , I for FUHS SMG.5

SIMPGG. 53

Figure 60. Subroutine SIMPGG organization.

AL is width of the medium under consideration, g (x,y)

is the loaded gain coefficients and An(x,y) is change in index of

refraction due to density variations.

The factor of 1/2 in the exponent is due to the fact that gain is inten-

sity, not amplitude, related:

IOUT IN IN (160)

where

I =1U12
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SIMPGG determines g(x,y) analytically using expression

r~x y)Ii go (x,y) (X ) dx LCx,y)

(X,y) i(xy) isATe x ISAT I(XV (161)

and using the trapizoidal rule for the integral, where g0 (x,y) is the small-

signal gain coefficient found in subroutine GAINXY.

Note that

g(x,y" g0(x,y)

I(x,y) = 0 (162)

Isat is the "saturation intensity"

ISAT hd3 (163)
0

where

hv is the photon energy, 3 the lower laser level relaxation rate, and u

the optical cross section for the transition. Isat is also defined in sub-

routine GAINXY.

Where the FUHS routine is to be called to calculate heat increase in the

gas due to lower level decay, the intensity change in the beam is needed for

each gain phase segment, thus giving the heat release.

Consider Figure 61 of a gain/phase segment

14 1 3

Figure 61. Gain/phase segment.
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Then for each (I,J)

I= + 13) - - + 14) (164)

the quantity stored in the array PPD after a complete round trip is the

average of the right running wave (II + 12)/2 plus the average of the left

running wave (T3 + 14)/2.

Therefore

PPD = (II + 12 + 13 +14)/2 (165)

but 1, = GI, and 14 = GI4 3

so AI = (1-G) (11+13)

and PPID = (I!j 2 1 1 +1 3 )

therefore

ell = 2 PPD
(166)

Knowing the total power change due to AI and the quantum efficiency n, the"

total heat released is found. The factor is discussed in FUHS.
Az

c. Fortran

Argument List

PPO = Total intensity (left running + right running waves) --

BecomesA n for use in FUl-S

GG - Gain = -gAz/2

NCV - cavity number

Commons modified -- none
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Subroutines called - none.

Subroutine SIMPGG computer printouts follow.

SUBROUTINE SIMIPGG 76/176 OPT=1 FIN 4!.6+4S2 04/27/79 12.23.47

C CLOSED) FRM4 k3A1N ALWOWIrMM 5114P64 3
C rmis i4oufiNt u~.s THE EeAebZIALAS CL~b&I) FORM GAIN SOLUhION FUN *IMP"4 4

SC CUZ to CALCULAIk. LUAUED GAIN FOR THE 4UL CAVITIES*.IPG
LEVEL 29 AC.o*'g.UO bIP
CUMMQN/CAVZ/ ACbCbCS,~bY()N~IAC5.Mt) IMPIG 7

5 tTYL20.9 AVGII.qNSYM SLMPOG LI
OII4ENSIJw GO(1)q PPU( 163641. SIMPOG 1a

2 4(19u)9sGAINA(I90I#uLNrS(I9Q SIMP(IG 1.5
C CALL CPUrl,4(LS(T) SIM9GG L4

NbAONS (rCy) SIMPO Lb
NYAMNI1(NCV) / (NSYM*L) S11MPGG 16
NAAUSA I.CV) $IMP" 17
SATRuA7 IN (NCV) $I"POG is
MUT4 NAA&NA SIMPOG 19
DUAl. ACtNCV) / NXA SIMP14, 20
ZA a LC(NCV)/NS(NCV)/2* SIM$'GG 21
AC1AFUcNCV)9rA(NCV)/FN(Ncv)/VEL(NCy) SLMPG, 22

C WNITE1*.2) NA~flYA..MAA.DOAA.ZAZAC1,(SGAN(KNCV)IKslLNAA) SL14PG 13
C 2 FUMTu3SJ1./61,b2~USIMPOG 24

041 8V ,JU5 .VVA 13IMP0G is
IZzl*(J-)*4AA S1MPOG 2*
PUP 8 0P1( LZ/SAT SIMPSG a?
PUPI a pop 0 1. S1MPOG as
56A1NA45 a POD'/PUPL*O0XA/2 SIMPOG 29
WIPSTS() *PUP/PP0I $IMPQ4, 30
6(J) a SSGALN(1,MCV/PPIk.Ae(-ACI~b1ALNAI~J,) SAMPG 351

a0 GO( IZ )0 EAPt(.fl*ZXZ) $IMPOG 32
00 110 182*NAA SIMPG .33

C WWLTIE16J) G(32),SGAINA(.52IULNTbi(J2d),GG(L-1,32 S1MPOG 34
C 3 FOWMAT(LA412*5) SLMPOG 31

00 110 J8LNYA SIMPOG 36
It 8 L#4J-I)*%AA *zIMev 37
POP a PO(1Z )/SAT SIMPIG 30
POPI 2 1.*POP slop" 39
*ITOr PUP Pool SLMPOM 40
SGAINA(J) *SGAINX(J).(WIfTWNTSJ)2.@OOXX SIMPU 41
WIt4TS(I aWINT SIMPM 48
614) a SSGAIft(1.rCv) 1UPIOk.AP4-AC0OSA~t(J)) SIMPU 43

lie 6641Z I a EAP1G1qJ)*ZAZ) SIPIG 44
IF(IUS(NCVI@Lto 11 00 TO 3400 S1NM 66

C SANPO 46
C COMPUTE AEAT RELEASE FUNCTION FOR* FUNS ANALYSIS 51"PE6 41
C SIMPOG 44

EtA a .4U SIMP" 49
ICONSTs2.1.7.(1.-ITA)IETA/(LC(N4CW)/NSAI SIMPOG s0
041 200 18IMUT SLOP"G I
8108068G( 1 )002 5LMP" Sa

M0 PPUE I )OHLUNST*PP04 I )*w01GwG. )SZMP" 53
C 300 CALL COu1IINEiPZN) SLMP" b4
C OELYSISTLPFlN1,10Q. SINPO I
C '1MItE16*JIUI AJLT S" so
C .510 FOHMA(4%0 QPhIN CALCULAILUNU COUT 9014e3940M SLCONOb Of CPU TIMC/ SIWPo *?

C A.'I $IMP". SO
JQ4( Hk.TUNN bI PO 139

EMNU bIMPOG 69
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The following is from Reference 1 and is included for the convenience of

the reader.

The gain coefficient for a gas dynamic laser is decribed with the aid of

a simple three-level model representing a flowing N2-C02 system interacting

with a 10.6u beam. The relevant energy-level structure is illustrated sche-

matically in Figure 62. The upper (001) and lower (100) laser levels of CO2

are designated a and b, respectively. The symbols na and nb denote the popu-

lation densities occupying these levels. The first excited vibrational level

of N2 is nearly resonant with the upper laser level. The population density

N is nearly resonant with the upper laser level. The population density N

in this level preferentially pumps the upper laser level. Since the ground

state CO 2 and N2 populations, labelled n0 and N0 , are generally large con-

pared to n, nb , and N, the magnitudes of n and N0, are relatively unaf-

fected by transitions to and from the excited levels. Accordingly, n and NO

may be viewed as constants, i.e., no/N o = CO2/XN = constant where XCO 2 ard

X N are the mole fractions of CO2 and 
N .

(001) n a - A N v-

rhu

(100) _ b b

(000) No No

C0 2  N2

Figure 62. Relevant energy level diagram for N2-C02 system.

221

L A.



For steady flow in the x-direction the rate equations describing the

spatial variation of the three relevant population densities nas nb and N

are given by

dn

v a = AN - (a+r)na - (aI/hv) (na-nb) (167)
ax

v- = - Onb = (al/hv) (n - nb) (168)
ax

v !N -- AN
8 - a  (169)

Here, v is the flow velocity (assumed constant): a and 6 are the relaxation

rates of the upper and lower levels; A and r are the forward and backward

pumping rates of the upper laser level; a is the optical cross section for

tbe laser transition; hv is the photon energy; and I is the beam intensity.

Since the pumping rates A and r are proportional to the ground state

population densities n and N . respectively, it follows that

Ar XCO 2/Xn2 (170)

Under typical GDL operating conditions XCO2 <N Also typically, the upper

level decay rate is slow relative to the lower level decay rate, and the

latter is slow relative to the backward pumping rate, i.e.,

SA<<r (171)

The beam is assumed to propagate in the z-direction. For purposes of

analysis it is convenient to suppose that the transverse intensity profile

at some axial station z can be divided into a series of constant intensity

segments, as illustrated in Figure 63. For example, in the nth segment

(xn <<Xn+l) the intensity distribution is approximated by the value In

constant. For the moment, the segment width x n 1 - xn is left unspecified.
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Intensity, 1

.'Step" Approximatton

I I

-a2  0 Xn Xn + 1 a2

Distance in Flow Direction, X

Figure 63. Step approximation to transverse intensity

profile.

The gain coefficient for the laser transition is defined by

g(x,I) =.O(na-nb) (172)

We wish to solve for g = g(x,I) in the nt h segment (n 1, 2, 3, ...) where

I I n = constant. The upstream edge conditions na (x n) nb (x n ) and N(x n) are

presumed known from the solution in the adjacent upstream segment. By succes-

sive application of the nth segment solution, commencing with the segment at

the upstream edge of the beam, one can in principle solve for g throughout

the optical cavity.

The advantage of the segmented description is that an exact solution can

be found in a region of constant beam intensity. Moreover, under suitable

approximations, to be discussed later, this sequence of exact solutions can

be put in a simple analytical form suitable for application to a smoothly

varying beam profile.

Applying the Laplace transform to equations (167) through (169), one

obtains
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where ~ s+a+rw n-w-

a Am nS1,( 0

xnfl
and aI nv

a ~ ~ n Idt (aXf() WS%(xn) '

Here, Idet s the drmnant) op a given btc.

Xn
and Wn = a (In/h ) +

Slig y

n as) del '[s+~i p) s+N~ axn - n(sA~b~j)+' (+OWnN~224(74
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The approximate equality sign refers to the use of the first half (a<<8,A,r)

of the inequality 171.

Under the same approximation the roots of equation (177) are given by

AB(a+W n )

r1  ( MAr) + Wn (2A+ ) (178)

r 1 [Ar s r)Wn - 4rn (W A)] (179)r2  f n r -

1 r 1 2W + J(A+r a'-2  4W (W -Al(180)
~ ' ' n n nl A)J

where !deti (s~r1 ) (s+r2) (s+r3).

In the absence of a beam (W = 0) the roots r1 , r2 and r. have a simple

physical interpretation.

0r I 14 r 1 = ax/ (,A+r)

r2 -4 2  1)

r3  r0 = + r

The value r0 defines the relaxation rate of the available laser energy (the
1

upper laser level coupled to the vibrationally excited N,) in the absence of

a beam; r0 describes the lower level decay; and r0 is the rate at which pump-

ing equilibrium between the excited CO2 and N2 is established, Typically,
r 0<<r20<<r 0
1~r 2r~ 2Y

As W is increased from zero, the physical identification of the rootsn
rI  r2 , and r3 becomes somewhat obscure. However, the inequality r1<<r2 <<r

appears to hold for all values of Wn . This feature leads to an important

simplification.

*Care must be exercised not to introduce the second inequality at too early

a stage in the calculation.
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Taking the inverse Laplace transform of equations (174) through (176) one

obtains a solution in the form

na(x) = A exp rI (X-xn)/v + B exp [-r2(x-Xn)/vI C exp rXXn)/vJ (182)

where A, B, and C are functions of the initial conditions n (x n), etc., and

of the various rate constants. Similar expressions hold for nb(x) and N(x).

In the absence of a beam (Wn = 0) this solution reduces to the simple

form

na(x) -- na(xn)+N(xn exp -rI (X-Xn)/V
a + r n a n) - Xn)] L

+.ran - exp [-r: X-Xn)/A" (183)

nb(x) -n b(Xn) exp -r2 (X-xn)/v (184)

r P [n(Xn) NLXnJ] exp i-rl (XXnf)/V

Frn (x) AN(x) 1 .
- an n exp [-r 3 (XXn)(185)

,he quantity [na(x) +Nxj , describing the available laser energy, decays at

the characteristic rate r1 while the quantity [rn a (x) - AN(x) , describing

the departure from pumping equilibrium, decays at the rate r..

When the beam intensity In is nonvanishing, the details of the solution

become rather cumbersome, and successive application of this solution to a

series of adjacent beam segments would be a tedious task. Fortunately this

complexity can be largely eliminated with the aid of two physically reason-

able assumptions.

The first assumption is that the segment widths Ax = xn+1 - x can ben in

made somewhat larger than the characteristic lengths v/r. and v/r . In other
words, the intensity distribution I a I(x) is assumed to vary little over the

characteristic lengths for lower level decay and pumping equilibrium. In this

event the second and third terms in equation (182), evaluated at the down-
thstream edge of the n segment, can be neglected.
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If, in addition, the rate of stimulated emission Wn (n 1,2,3,...) is
less than the pumping equilibrium rate A + r, it follows that pumping equilib-

rium can be assumed throughout the optical cavity, i.e.,

Pn (X) - N(x)a (186)

Application of these approximations yields for the population difference
thbetween laser levels evaluated at the downstream edge of the n segment

n a(A+r)n a (xn ) r ax]

a n+l) "b (xnl)= a(A~r) + Wn (2A+F4+) 1 -r nn _n
- a a n na(xn) exp r1 (W) (187)

where, in the latter expression, use has been made of the second half of the
inequality (171).

By a similar procedure one finds

na(xn) na (xnl) exp [-r1 (Wn-1 ) v(18)

Repeated substitution of equation (188) into (187) gives

n a x +) - (XaXl exp
n(Xn I) - (xn I ) = 8 xn exp -.. rn(Wn) Axn  rl(Wn-1) Axn- I

. + r1 (W) xj/v/ (189)

If the segment widths Axn(n 0 0, 1, 2 ....) are now viewed as "infini-

tesimals" equation (189) may be rewritten

227



n (xj 
n (x a i Idxr] (190)
a b(X ) l+w(x) exp X[J

l4w(n) exp I- dx ( rI~~)L v 'r0

where w(x) = al(x)/hva and x defines a convenient reference station (e.g.,

the upstream edge of the beam).

Using the basic definition (172), the rate expressions (178) and (181),

the identity (170), and the inequality (171), one finds on substitution into

(190)

g(x4 T ~~) exp 2 dx'
XV 1+w(x)(191)

where g is the small-signal gain coefficient given by

r Xco7 (x-xo0 (192)

g(x) = go(X 0) exp L- "N vL 2

It is instructive to note the physical significance of various terms

appearing in equations (191) and (192). The term in square brackets in
equation (191) is analogous to the usual gain expression for a homogenenously

broadened line in a nonflowing laser medium. Here, however, the small-signal

gain coefficient (192) is not constant, but decays exponentially with dis-

tance downstream. The nondimensional intensity w(x) measures the rate of

simulated emission jI/hv relative to the decay rate 3 of the lower level. For

a nonflowing laser the value w = 1 defines the saturation intensity of the

medium.
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The exponential factor in equation (191) represents a corrective term

due to flow. The probability that an initially excited CO 2molecule will re-

main excited after traversing a beam is dependent on the beam profile

encountered by the molecule upstream of the point in question. This explains

the presence of an integral over the upstream flowpath in equation (191).

In summary, a simple approximate expression has been derived for the

gain coefficient in a flowing N 2-C0 2 system. The validity of this expression

- rests on two principal assumptions: (1) instantaneous pumping equilibrium is

maintained throughout the optical cavity and (2) the beam intensity changes

slowly over the characteristic distance for lower level decay. Although

these conditions are not always satisfied in practice, particularly near the

upstream edge of the beam, it is believed that even in these instances equa-

tion (191) provides a qualitatively accurate description of gain saturation

in a GDL. The gain coefficient defined by equation (191) is then included in

the complex transmission function

t = exp [ gx~v;I) _,L/2 -iAo (x~y;I] (193)

to describe the effect of the medium gain throughout a segment of length LL.

Here, Av represents a phase shift due to possible refractive index

variations.

30. SUBROUTINE SLIVER

a. Purpose -- Subroutine SLIVER, shown in Figure 64, applies an

annular aperture to the field. It can be centered anywhere in the mesh.

b. Relevant formalism -- The field is set to zero interior to the

annular aperture. Mesh squares intersecting the aperture edge have the field

linearly adjusted for the relative area intersected by the aperture edge.
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SLIVER

INITIALIZATION SLIVER .2--mSLIVER .19

APPLY AN APERTURE SLIVER .20--a-SLIVER .37

FORM THE FIELD
APERTURED BY THE SLIVER .42- -CYCLE 9.68
ANNULAR APERTURE

REURN

Figure 64. Subroutine SLIVER organization.

c. Fortran

Arguments

RIN = Radius of the OUTER edge of the annulus (cm)

ROUT = Radius of the INNER edge of the annulus (cm)

NOTE: Both RIN and ROUT must be negative to call "SLIVER" since

if DOUT (=2*RIN) and DIN (=2*ROUT) are negative in the GDL

call IFLOW = 4 section SLIVER is called instead of APRTR.

Common Variables Altered

CFIL = CFIL contains the original field

CU = CU is used to find the aperture field.

The Logic of Subroutine SLIVER is the following:
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The final field is formed by subtracting an apertured field from theI; original. The aperture has a center disk of radius ROUT while the inner

radius of the outer edge is RIN.

The center obscuration is first removed (IIN=O), then the outer obscura-

tion (ITN-i). This apertured field (CU) is then subtracted from the original

field (stored in CFIL) to form the field apertured by the annular aperture

CCU).

The SLIVER sub-routine computer printout follows.

SUBROUTINE SLIVER 76/176 OPT,=l FIN 4.6+452 04/27/79 12.23.47

C AN'NULARt AbIMIUWE ?NANbM1LhUf FUt4CruN bPL192I 3
C THIIS d~UOI~31'a& mulCH OftRAIL5 IN A MANNtER bLNILA( TO b~dUIUr1NE "1VII 6
C *'t41ONt9 APPIt1S AN4 ANN4ULAR Uu"SCUMATION WITH ENN*EW AND O rLK bI1vIN
C RIAUII Of O[N ANO Nuurv N.b~tCVeLY SLIVER

LEVIEL is CU bIIV
CUMM0NiM4LLt/.U(L4iCFL(IbieAANt1i~lWLNT,NYUNUNY 5LLVt b
COMOLLA CU9CYIL bLLVE.H 9

WOISftAdblRI1 !2L1VEN 12
OAsAAR QJ -A14(1)SLVR 3
0 Y OA W. IvtM 14
I j~zu !A4.I VER ISO
RAU=NAP4 rR 13LIVE 16
NONOO*TSONPY SLIVERM I?
DO 96 Ifl1.Nob bL1 VM Is

'v8 CFIL ( )sCU ( 1) SLI VER 19
99 DO 101 I1Xs19NPTS SLLVIN 29l

A8AAN(I1 0ONX-AVU4S LIN l
DU 101 ZXYinINPY "S1VEN d2
Y&AA$E JaY) .UN-YOU'S UI.VEN Z3

RM#M0(A99-I*-LI1 S4LIVER its
AM~uAO(XY-L91J SLIVER a*

PtNGI*. SL1WVR ids

IF lAMAA.LE@MACI Gu TO 100 SLIVER 30

pWNIN. op."ltm~ NM 54L IMe 3

IF (101"IfteateRAQ) L40 To Igo $Livelf 33
PER* (AO-NI / (MI4AAqNMI SLIE 54

100 IF (INh.Q*L1 PERBL.-PER SLIVER 35
P414# a IIA.(I1Y-LI'4.#TS %IVENI A

101 CU(N444I a CU(NIN~ * (L.-SQUf(WER11 SLIVER 37
If (NOISKAaeo..O.4LINotgell (NJ ro Sat* SLIVER 30
I INtL SLIVER 39
RAUz4OIS' SLI VL0 4U
G0 TO 99 SLIVk '41

101 00 IQJ 121.406s SLIVER 62
CUM! a LFILMZ-CUMI CTCLE9

103 CONTtNUC C11CLL9 69
W"1TE(6sJ0Q1 RAMNTN~eouLsx CYcLE9 ?a

300 FORMAT (11211M AWUAA OWSCUNAIION APPLIE) /ISO IMSIDk RADIUSU, CYCLE9 71
A FLO.JLH uUTS1Ok RAUIuSx..&0.J I CYCLI9 Ti
RIETUuN i4.1vIA 44
ENO) SLIVER 49
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31. SUBROUTINE SPIDER

a. Purpose -- The SPIDER subroutine shown in Figure 65 applies an

obscuration to the complex amplitude field in the form of several support

struts, such as those used in a Cassegrain telescope system. Up to six struts

at separate angles m.y be modeled. The result of the obscuration is listed

in the output stream as an aperture loss.

b. Relevant formalism -- An angular deviation limit a calculated from

the obscuration inside diameter d, the grid spacing Ax, and the strut width

w, according to

a = sin "I (w.2Ax)/d (194)

Field points whose inclination angle is not within ±t of a strut angle are

assumed to be unobscured. Those points falling within this limit are sub-

jected to closer inspection.

The distance 6 from a grid center (x,y) to the strut centerline is

calculated by

a y cose - X sine (195)

where e is the strut angle. The half-width of a grid measured along a

normal to the strut h is calculated by

h a x/2./A:MAX (sinel ,j cosel) (196)

then the maximum and minimum distance of the grid area from the centerline,
d and d . are
max min

d = .h

min
d. =3-h
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CALLED FROM GDL S S E 7
SPIDER SPIDER .17---.24

CALCULATE
CONSTANTS

REPEAT LOOP FOR DO 10
EACH STRUT 1-1, NSPD

FOR EACH POINT:

TEST FOR NEAR SPIDER.38
STRUT ANGLE

CALCULATE MAX AND Dmax = S+h
MIN DISTANCE OF GRID SPIDER.40-....41

AREA FROM STRUT

CHECK TO SEE IF SPR YES.42POINT IS OBSCURED

CALCULATE PARTIAL - a W
OBSCURATION FACTOR, SPIDER.45-.46

UPDATE FIELD CU - CU *IS 4

Figure 65. Subroutine SPIDER flow chart.
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Points where dmin is greater than the strut half width h are not obscured.

Points where dmax is less than the strut half width are totally obscured.

The intensity of all other points is weighted according to

intensity weighting = (d max-h s)/(d max-d min) (197

Argument List

DIH diameter of inner edge of support (hub)

NSPD number of struts or spokes

THETA array of strut angles

WIDTH strut width

XC x-position of center of obscuration

YC y-position of center of obscuration

Relevant Variables

AING inclination angle of a point (x,y)

ANGTOL angular width about the strut angle which defines the region

to be searched for possible obscuration

DELTA distance from (x,y) to the strut along a normal

DELXDH half-width of coordinate grid measured along a normal to a

strut

PER weighting factor in establishing fractional obscuration

Commons Modified

/MELT/

CU the complex amplitude field.

The SPIDER subroutine computer printout follows.

SUBROUTINE SPIDER 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47

SUdRaUTITC SZOCM (wLurM9(mrPA9N%.UACsY,.UIH) tOLUE a
C "NEiAL SUPPNT STRuT MOULL Jluw
C **** 4I LOFltd 101171',b TO MANULL 14ULILhLL T"LTAS *0* bvI OL
C TPZIS MOUIIZN APPI&S U CUNIh*IN brIUT TRANSMISSIUN FuNLrkUN TO WVOMN S
C TNE C¢MPLEA PIL0. t k !0NUI 15 0u0M OlU WItM AN AMGUL IMLJA LOE 6
C (IN TNE OEAM COUbUINAIE tVbTLM) AMU OULS AOIALLY OUI ARU FRUM b0IOL" 7
C LOCATION (ACoYC). Ulm IS mud UIAMtER9NS0U 15 NO. OF STNU| , b&IUCR a
c UCLAU I'S 01utH4 Of CUUMUINArI 00Iu ALONO NOWMAL TO STWUr. SOIOLR 4
C DELTA IS 01*]ANCL FNUM A.Y TO CENTEN F bTNUT ALONG NUMAL 0boolN to

C TO STNUT* SOIUE 11
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LEVEL 29 CU 12ICM L

C014PLEA CU9CFIL SO IOEM it,
()ArA P'I91WOI'/ 3.*1593 96*ZdJI@o $00VI09m 16
WorI*e * uize/lu WO I DEW 17
DELA02 (AWJ -A(0)l / d. bIh 1 EW I a
ANVTOL A SIN ULLI~.*AJ-IL)/DM IS1"M L9
00 5 ITaLoNOU $01004 90
THUMtI) a rMITA(Lr)/~s7.3 0 S.OC at
SImTCIT) a SIN4TMCTIITI) bVLO(N 22
COSTEIT) a CUS(TmEr(IT)l b1LO1Em 23

5 DEI.XOa.41t a OELA04 AMAAI(AWSiCUbT(1?)),AdSSIN(IT)2) SOLDIER zi
Una SO~0C I EW 4
00 10 ,J81qep WIER 26
00 19 I11OWTS W I AN 97

ES I~LS1006" as,
ANG UATAmtlAij)9xim) spl0M Odo

C THIS STArE4EtT CHANGES tM( ATAN9 I4ITUNNEU ANGLE FRO14 TIHE INTERVAL SOMN is
C -PI TO 0101 TO THE INTERVAL. 9 UO di'I belot" 31

IF 4ANG.6T(-PI)*ANO*ANtGsLI. Oe £4 a Amos * TWOOPI SPIDER is1
DO 10 ITNloNSPO SPIK14 3

C 1"E FOLLOWING6 IS NECESSARY TO MAuIL ANULLS MEAN ZPI SUM1 CLOSIL TO SVOIOEW 34
C ANGLES NEAR 0 . bloI OEW 3S

IF (AftG.LT. 91 Go TO lb SPIOEM 36
IF (ASS(ANG-rWO.I1-THETCLI)).LL.ANGt~UL) GO TO I? SMIEN .5?

15I F(ASANG-TMHEHLT)IGTAN4TOLI 40I TO 10 SPOER 35
17 DELTA a AIS((x(.15vcl*cosrtr(LJAtti-ACISN(LTJI SOLIER J9

0OMAX a OELTA.OELAOMCIt) bIPLOCH 40
OME1N a OELTA-OELAOH(IT) so IOEW 4b
IFtOmIN*0EaodTMm) G0 TO 10 V9IME *8
PEN a 0.0 SIOIOEM 43
IFPOMAA.L.*~OTmmN GO TO eti 510OER 4*
PER a S0k? 1(UMAA-WDTH)/ (MAA.OMINI) 510LOEN 4#5

do CU(IZ) a CU(LZ)*E4 SOLDER 40
10 CON.TINUE SOLDER lb7

JOE TURN SVLDCH 40
END $0IOEN *9

3 2 SUBROUTINE SPTAN

The SPTAN subroutine shown in Figure 66 functions to take input values

of x and y and return the angle whose tangent they represent. SPTAN insures

that the angle returned is within the range

0< 0 < 2

FUNCTION SPTAN 76/176 OPT=l FIN 4.6+4S2 04/27/79 12.23.47

FUNCTION SPV£A.AY) SO T AN 2
0Im3.L41z9265* 540T AN
!'TAN6O.0 b0TA
IFIA) 10920930 SP tAN

IQ ib'TANaPI.AfAh(Y/2) boo TAN 6
PEL T QN b T A14 I

d9 IF(Y) 2192223 sloAm a
dI S0TAA9Ia.b*,'L 5001ANV
22 MITU~m 510 1AN t0
23 SPTA14mob*PL bsO IAN 11

'4ETU.4N Z t AN 12
40 SI'TANSAfAt4IY/13 SO TAN 13

IF(Y*LT.V*0u SPTAmabe'TAN.J.*q0I StAN 1%
Oft rUWt4 b#I AN Lb
END SO TAN 10
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SPTANAN

S0 P0 ANA

SPTATA2

CRETURN

Figure 66. Subroutine SPTAN flow chart.
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33.. SUBROUTINE STEP

a. Purpose -- Subroutine STEP shown in Figure 67 is used to propagate

the field through a vacuum. It also calculates Strehl intensity.

b. Relevant formalism

(1) Propagation -- STEP allows for two types of propagation

(a) Constant area mesh -- This type is used to propagate

collimated and quasi-collimated beams, It assumes that edge spreading of the

beam due to diffraction is not severe enough for the beam to get too close to

the edge of the calculation region.

(b) Variable area mesh (VAMP) -- VAMP is used to propagate

beams containing phase with curvature. As will be shown, the curvature is

first removed from the field. The (collimated) field is then propagated an

equivalent propagation distance which is defined by the formalism. After

propagation, the propagated curvature is returned to the field.

The theory of VAMP propagation is developed in Section 5-D of AWFL-TR-

73-231 and is repeated here for continuity.

First, consider constant area mesh propagation. The scalar wave func-

tion propagating in the Z-direction is written

( ,t) = U(')ei(wt'kz) (198)

The function ti(x,t) obeys the scalar wave equation derived from Maxwell's

equations

1 2 (199)
c 23t2

If one assumes that

_p - (200)
II

then u(x) obeys the paraxial wave equation

3 u+ 32u au7 -2ik - 0

x Y 2k (201)
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STEP

( INITIALIZE
PARAMETERS STEP. 2-,.STEP. 26

r WINOWS [ADJUST DXREAL[ CALCULATE X AND K AND DYREAL STEP. 132-w.=STEP. 133SPACE WINDOWS STEP. 27--STEP. 33
FOR LATER USE

________I _______

CALCULATE VAMP STEP 8 SE.6FILFO F STP1-mSE.15

PARAMETERS 48-.,--STEP [T
ESTABLISH STEP 67---STEP. 76 CALLFOURT STEP 177

PROPAGATION MATRIX S

CALCULATE STEP 164-,STEP 191
REMOVE GAUSSIAN STEP. 78-.STEP. 95 STREHL INTENSITY

j "ENVELOPE" FROM

ENVLO~ FRM SEP 8rnSTE ~ APPLY PROPAGATION STEP 195-STEP 23

CONSTANT ARECA MESHSTP 0-TE.15MRI

PROPAGATION MATRIX SE

CALLFOURT ]STEP 234
PROPAGATE STEP 125-STEP. 131

VAMP "ENVELOPE"

rRETURN THE GAUSSIAN
"ENVELOPE" TO STEP. 238-.o.STEP 258

ITHE VAMPED FIELD

Figure 67. Subroutine STEP organization.
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By using the method of Fourier Transforms u(x) is

ffd 21i(fxX+fyY iwxz (f 2 + fZ

u(R' = fdf yfV x L/J U(f + fyy )i • (202)

where

U(fxfy) = ffdx'dy'e-2ri(fxx  + f yy') U(x',y ,0)

The Fourier Transforms are efficiently performed by using the FFT.

For variable area mesh, the following approach is used:

The spreading of the beam is estimated by that of a Gaussian reference beam

with the same radius of curvature as the physical beam. This curvature is

removed so that during propagation the beam continues to fill the calcula-

tion region.

Propagation of a Gaussian beam is easily handled by assuming knowledge

of the associated Gaussian plane wave. According to Siegman, Chapter 8,

(Ref. 14), a Gaussian plane wave (at Z = 0)

U~( y x) . yl)-(X0  
(203)

when propagated a distance Z becomes

u(x,y,Jz) 2i(kZ-()) 22 k ) (204)

where
z2

R(z) = z Z- D(z) = tan 1

w(Z) = W°

14. Siegman, A. E., An Introduction to Lasers and Masers, McGraw-Hill,

New York, 1971.
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with
Irw

R A the Rayleigh range.

Therefore, to propagate a Gaussian beam of waist w(Z) and radius or curvature

R(Z) a distance AZ, the following approach should be taken:

Knowing the waist and radius of curvature, one can determine the spot

size w and distance to the spot size Z, according to
R(z 1)

L (205)

W(zi)
w = -

o_1+Wl (206)

Then, from this origin a distance Z = Z1 + AZ is propagated to determine the

desired wave function.

Since it is known how a Gaussian wave propagates, it is possible that
transforming a given wave with a spherical wave front to Gaussian coordinates

could result in the propagation of a quasi-collimated wave. The appropriate

transformation is found to be

V{9 i [k" + ' tan-I

0 - -Von ) 2R tan (207)

where Z is the distance from the current reference Gaussian beam, defined by
R(Z) and w(Z) to its spot. I is the Rayleigh range of this reference Gaus-

"R
sian beam.

By transforming to Gaussian coordinates:

X - x/w(z) Z = tan- 1 RZ) Y = y/w(z) (208)
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The beam transformation is written as

u(M) = v(X) COS Z -i(X 2y) tan Z +i (209)
w

0

Inserting this equation into the paraxial wave equation results in the fol-

- lowing differential equation in terms of Gaussian coordinates

2 2
-4iv + 2v + L2v 4 (1-(X2 y2)) v = 0 (210)

ax Z a 2  ay 2

which, except for the quadratic, is similar to the paraxial wave equation.
2The quadratic term (X- + Y2)v can be dropped if the reference Gaussian para-

meters and propagation distance are chosen so that v is equal to zero when-

ever K or Y approaches 1. This implies that the initial waist of the refer-

ence Gaussian be much larger than the size of the beam to be propagated. The

propagation distance aZ must then be restricted so that the waist of the

reference beam remains large compared with the beam size throughout the prop-

agation. With these restrictions, the equation for v in Gaussian coordinates

becomes

2 v + 4v - 4i . 0 (211)
2

ax 3

As is the collimated case, Fourier Transform analysis gives the following

result:

IfV , 21i(f X-f Y)

v(X,YZ) df df V(f• ,f ,Z)E X Y (212)

where

Vff ,f , * V(fx,f Z - 1 (Cf X + f -Z I)
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and

V(f vz 1) =ffdXdY V(XY,Z)E_
2"(fxX+fvY)

the propagated wavefunction is then v(X,Y,Z) multiplied by the propagation

envelope:

u(x,y,z) = V(X,Y,Z) Cs -- i(X 2+Y2 tan Z iZ (213)

0

where

Y tan-
w ( ) w I:) " 1

z being the final distance from the reference spot, If the propagation takes

place well outside of the Rayleigh range, Z is much greater than Z and the

expansion of the arctangent for large argument can be used:

Z_ tan -i tan- (%)p1

(± -I~
R z1 I

(2) Strehl intensity -- Since subroutine STEP propagates the beam

using Fourier Transforms, the Strehl intensity is easily calculated.

The Strehl intensity gives an irradiation of the amount of aberra-

tion present in the beam at a given limiting aperture. It is defined as fol-

lows: Consider a field U(x,y). The field in the Frauenhofer diffraction

region (the far field) is given by equations (4) through (13) in Goodman:

.k 2 2 0
u(x) ik ij-(x+ dx (215)
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Aside from the phase factor in front, this is just the Fourier Transform of

the apertured field evaluated at

f - (216)
XZ

The Strehl intensity is defined as the ratio of the centerline intensity of

the far field to that of a plane wave propagated the same distance coming

from the same aperture with the same power. Analytically this is given as

CL-FF I O (217)
ISTREHL I _LL-PWFF - (217)

The plane wave centerline intensity is evaluated from

a 2If Cos]
F (pw o ! r JdO 2 f r  f s

F~upw () = A~o do=0 (218)

0 0a

0

A being the plane wave amplitude and a the radius of the aperture. Assuming
0
a calculation region size of the L x L with N x N total number of points,

the centerline intensity of the far field for the real beam is found from

F ( ) o u (x e 2rif. x

L irif. x

f dx fdy u(x )e
0 0

SU (I, J (219)
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where

N nd x= I*( =J*()

assume

fx = KB and f MB

N

where B is twice the maximum frequency of the spectrum of u,

then

N IN

~ (u'))~(K, M) =NU(IJ)e u . . (220)
OY 1 J=l

But from the theory of discrete Fourier Transforms LB = N, so

N N

2 U( ')2i (KI + ,"J)/N
F(K,M) (O)2 E' U(IJ) ( (221)

I=l J=

The whole sum is just the (K,M) output of the FFT routine, so

F(KM) = (;2) (K, M) (222)k(,M '7- FFFT

The FFT returns the DC value (centerline) at F FFT (1,1) so the Strehl inten-

sity is defined as

. STREHL: ( a 2) 2  (111o23

2
where I0 A = plane wave intensity.

00

Note: If the beam is not limited by an exit aperture just before the Strehl

calculations, it is possible t.o have ISTRHL greater than one.
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c. Fortran

Argument List

DELZ = Distance to be

RADCY = radius of curvature or the phase front

WINDOX = x-space cosine data window for FFT

WINDOK = K-space cosine data window for FFT

IFG = Vamp control parameter

= 1 constant mesh

= 2 variable mesh

ITR - Vamp control parameter

= 0 stay in vamp

= 1 transform back to constant mesh space

IPS = Tilt and defocus removal flag

= 0 no correction

= 1 remove tilt

= 2 find defocus radius of curvature

= 3 1 + 2 together

AY = total beam tilt kep track of for beam placement in the

inertial coordinate system instead of the beam coordinate

system

NWRT #0 Propagates a wave distance DELZ without altering the stored

value of total Z. NWRT = i. Suppresses Strehl intensity cal-

culation as well. NWRT a 1 when STEP is called from QUAL.

IFLAG #0 Assumes VAMP and/or CAMP parameters are established. It

tells the routine to continue the propagation based on

previous calculations of waist and curvature.

Common Variables Altered:

CU - becomes the propagated field

CFIL - is altered if IPS #0 by a call to TILT
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x - altered if in VAMP

DXREAL - moved to keep track of center of beam in inertial frame as

DYREAL the beam propagates

WNOW - VAMP parameter altered to keep track of the current spot size

NREG - Flag to tell whether:

= 0: Constant area mesh propagation

- 1: VAMP inside half the Rayleigh range

= 2: VAMP outside twice the Rayleigh range

Other routines called:

TILT

FOURT

Computer printouts for subroutine STEP follow.

SUBROUTINE STEP 76/176 OPTal FIN 4.6+4S2 Oa/127/79 12.25.-Il

54MROUtINE STEP( WLL 9NAUC4*kuNt)OA o OUX 9 FG,1I Nio IRS#AAoAY 9NWMr To trt
A IFLAO ) SJtl

C %k4ERAI 04OP4AFIrNG ALE.WA1T1M t)
C TH~IS 4UUTINE IS USEiJ To IP4UPA4AIL THE CUMP'LEA FIELU A UW~ANCt ib
C ULLZ - IFLAUiaI IS UbtdU wmtm cumiNuvuL WITH SAM. PHOI'AOATINo MArNIX sftP 6

6EvEL 2o cu9CUW S10 I
COMMON/WAY/WNoW9MREd*MAPtR bsre 8
CUjMMON/MLfICU (1638b) PCF It. (1"121 ,A(lid) ,WLNbTS9NPY 9UA~e.AL oJYWEAL $1tP 9
VIMENSII nC)AbM1Z0hA4IE*,U(J7dLUME)S~ ~
IUUOLt POLC1Sl0N WUZWAL.SI*WAQCUN~uWWWTP4U bstp. 11
C(JMPLEA L;u9C? £L9CUUM bIp 12
2AUIVALENCL ICU(1ICUNIlfl 0 (CDUMYCUUMNIlJ) iltep 13
LIAfA LIMIC 10.0i *t1'I
IF (I1LAb.Nt.0) Go3 r 2000 SfL FO 1
01&3J.141592 bTIP 16
NPdP2zN01' $16P IT
NP' a Nosts/2 SIEp Is
Mpp I a,$ *Ie !s f ep 19
AtW'211 .UI JFLOA T (NO r%) 0* btEp 2
NUM1 NPVS DIEP d
WM4fj) -MPTS brep 22
"AN8lOI*f'4*10TS step zi
N14LONO step 2
RlAUCUWm.4A0C4N btep id
0CAG.CIsA (NP SIA(I) *AQ13A111 sftEp 2
IF(WMUQA.LEou.01 00 TO 4d %rLp d
N6NOOQA UWNOOA9FLOATIMPIS) step its
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C X-SPACE COSINE UATA WINOOw SILP 4
U0 211 18l.NNNUOX Step 30

ill FACTWII3 a (1.0-CUSCI'£'VLUArIl)/FLOAT(NUNOUUX))/2.0 Step it
o.8 NwmOXe a wmOOF'LOAt(NPTS) StEP 32

N~oM6N 11.*WNOUK STEP 33
If (LPSOME.U) GO to I147 btEP 34
IF (IFG*4T*.U GO TO 1137 SItP 35
IF (IFG*42T*2) Go TO 1131 s ~p3
IF (IFGe0.i) 0O TO 1002 btEP 37
Go to 5 step is

c OETERMNIN4 LUtAM ANO UUALNAf IC COMPOrNNS Of 004ASE Step 39
1137 CALL rIL1(AA9AY9RAOC4M,£P3) utep 40

IF (LF~iLrt.I GO TO £109 SIEP *I
IF IlFb*42tag Wu TO L13 sEP 42a
IF (IFOGeQ.) GO TO 1002 step 63
so) To S step .6

1139 ROWEA11@ Step 45
IF (OAdS(AAQCURj'OELZoi.GT.Nw$OAi() G0 to IO0U STEP 4

C Step 47
C VANIAWLE ARLA MESH PqO0A0A1LuN tRAr0SFORNAriam TO EQUI VALENT i1#
C COLLIATtO OLAM SILP 69

SALPNAmIGO StIE to
C O~tEMMINArIO4 OF dtAN wAIST AND DISTANCE TO IT step 51

WI a ALPMA*UCALCL/e. Step 52
vw a (a~I~/L~2STEP 53
ZU A t4AUCUWWW0'(AUCUW**dv~WW) Step 54
wo auoQ'1 osuRriwAuCU*l-l*1'd*WL/'1) SIO55
LWAL a P1*W0*w0/wL Step 56
AN122 *StEP 57
IF (OAdS(I).LToZXAL/ANL) Nf4N61 SILO 56

IF tUAdSZL1).4T.ZAL9ANZ) mifvad bTLP S
IF 4NKt~i.LQ.V) 4UO TO Lid St.s 0
IF 00b4IUL .T~L/N.N.N%.uI O 1 iJLI 01
IF (NA tl1*.L).6T.ZWAL.A1.ANINtb.Eo.g) GO TUOd! I~ IA 62
OUME a L**Z*iAL/(UCALCI/W1)**Z sitp 63

*v~ I~~u S!tP 04
C W&OALISM OW'UI'AOATING NATICIA !IItoa
C INCLUDES FREQUENCY SRACL LIAtA elNUOW h~cp 66

UO 10 Jud#NPP1 6IP 7
AJNZaid 8 14-1)002 StII' be

IF (J*%iT*-4 *ANU. NWNOOIK.(ar.Uf ftEp 70
I mfACTR a I1.0-COSCI'*LUATIN'P1-OJ)/FLOAT(NWNOUKfl)/d.0 STEP 11
flU 101 L11j bTEp 1
UU9 m1AJM1SQ*(1-1J**2) STEP 73
IONT a 10%toi STEP ?&
APHk£. IPNfI WFACTW STEP ?S

191 APIRg2,I1NT~uUMEO~UM STEP 10
TNZI a UI/ZEAL STEp 17
M ao SIEP 7s
flU 2 Kul9NPY SIA 79
YSG a XIIK3..S Step so
DO 2 a 1.Nopts ste1*
W1.D a 141 1 Step U
1JIZ a IJI *2 Step 63
14J1201 a Ijjd - I sitp 6
PHI a IA(1)** 0 YSQ)*TN9I/wl**2 step 65
SIMP a 1IN4PHII Step 46
CUSP a COS(IPNl) step 87
CURS a CURI(1JIIM) Sfb.p do
CUR(LJ12MI) a W10( CURSocubp - CUN.£,J12)*5INp ) litEP 69

2 CONTIJIZE a WI CUMSOSIND * CuRNIJ12*cOSP) Step g0
IF(NWT9NE*0) LKEE~ulZZ Step 91
ZZZ a 51 uSTP 92
ZINTEaG. uftp 93
*jowl StLP 96
£9 1IFG.EQ.0I Ifl~al latEP 95
Go to z000 STEP 9

C **10.......................*6*0 SILO 9?
C CONSTANT ANELA Mt.SM OROPA4aAILUN Step v
C INCLUDES FREUENCY SPACE UATA WItEUON SIEP 99
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1002 ACOUMIOa.OPZ/WL STEP Io
DUMI a (dL.OCALC12O*2 SfbLP 101
IPNT a I brip 102

C ESrAdLXS4 PROPAWINO MATWLA StLP 103
00 100 J8491NPP1 Step I10o
AJO41SW a (.J-i)**d step 109
WFACTR 8 1.0 step 106
IF(j.(ir..4o #ANO, ,iNtox.Gi.ui step 107

I oFACTR a t1.0-COS(PL*FLUAT(nP-./FLAI(NWtOO())U.0 *txp too
00 200 IS1,J Sit.P 109
DUN (JLQ*IL"~ step 1l0
00U42 a DUN 1UU#4 *tLP III
OuMi a lU.1zb*UM*0.bI*UVl4e skp 112
1JPNT a IONT01 se 1

A0(II~tTawACwStep 114
dOG AW ftIONtT ACO0M19UU14J StEp 11

C sWfER R00It uitME W"Itri CUM(IritJLIf WIll. bAME PQReP*0AFIN 14ATRIA bt~p 110
C LNFRPY CiiE(Ut.LZ#1Tl4,NwT) STWO LIT
11100 ULLZZ1L'LL Step Ila

11 mNwwT.Nt.0#) 40 FU I&4 srtp 119
LLNTLwLImTE*UELZ Step 110o
LLMLtN8al .TE-UEL1 b~cp LI
XRESi 8 A(N'TS-2.*AMO)A(d) Vto~ L22
WCtK8( 1.-2.*WNOUA)*ACN10fb1 bfk.P 193
IF (WAPTH .WCE..h AIO ~ltH8Q. StLP l2%

4.02 IF (NMiCG.EQ*01 UiO TV 42 btLP I1it
am'44.ON 0 USQW I (1I. 0(ZZ/ i WAL?1 J Si(IbfP 110
AAAMaUnwhowd4 aSSTEP 1IV
Njnwftuw btEP 110

C AUJUST SCAM LOUNULNATES e0uek MA4041FICAFION ANO "IRR1OM TILI Step I 19
00 93 IaIlr.PTS STEP, Liu

93 A (I ) *A ( I J &A ANO Step 131
92 DAREALOUANEALO !311 1AA) * UELL STEP 132

DYI4EALsUYNEALO SIN (AT) * ALLj STEP 153
IFfWNOA.LE.00 6) ro 44 STEP 1.54

C APPLY X-SPAC. COSINE. UAtA wINVOW STEP Lis
0V 212 8I*NPTS 5tI.P 136
UU 211 4AlNtWMOOA StkP 137
1.32 a I * (NvTS -j) Non Step Li6
IF (NPY.L..NlS) CU(ILJd) aCUCIjiI * FACII4IJ) brep 139
lIJI*L(J-1)0l4PYS Step 140

912 CU(IJL)CUIJ)FACTW(i2 !DTP 141
00 213 JmINPy StEP 1*2
IJ a (J-I)*NPYS stk.P 143
00 215 I819NWNUUA StEP 144
I22NPYSo1-1 SUIP 149s
CU~t*JaCUIIJ*ACT4(I 0EP 146

113 CuC U.IJ) aCUI I2*141)*FACTM I ) StvP 147
C UNFOLO SYMEYWIC FIELd) FOw ~Pr uSt fE 140

*9 IF tNPTS.EQ.NPY) (5 TO 50 SfEP 149
06) Is jaigNoy STEP IS0
00 1b I*lNPTS stLP 151
I.J a I *NP7501J-I btEP L541
litJ a I * (MVTS- 4J)*mPTS step 153

IS CUCI.JID CUfLJ) 511P I"4
C ****'**** StI4EML Imwl'NSLTY CAL.CULAT ION *** **0*00*0 SttP V29
C 0 STM(IiL INTENSITY 15 CALCuLArEu FRt4le Tii CENTEMLINCINtIASZY 0 STEP 15
C * of THE FAN4 FIELO O10fR1duTlN. THL METHIOU USES THE CETEIILiNI 9 VtEP 157

C 0 COEFFICIENT OF THE FF7 FUN IPIE UWt40WPALIZEO CENTER4LINE' 6 Step The
C 0 INTENSITY. POaCH CW4SAERVArION IS USkO ToO EFINE ItH PLANE uAW* Step 19

C 0 14EAN FIELD INTENSITY VALUe.. THE RATIO OF CENTEA#,Nt INMNSITY 0 StEP 1*0
C * FFTY To PEAR INTENSITY (PLANE wAVE) DEFINES SrNENI. INILMSItY,* SitEP 101
C * IN THIS ((OUTINte .3 FOl4(beAH 10 46 74 *step 162
C **00**********e***.e*00e*O#**0ee0* S IEP 163

b0 IF(MAPY~tME.O.DHO.NW4ft~e o.lwiJ TV 46 SliP 104
x1707 a 0. STEP 1M
P1 a 3.141590 Step 160
AMESrI4 a AMESH***. step 107

DO 9!p I.&.t.O Step 109
12 a 1 02 Slap 110
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XITOT a 11707 Cul(4U-1)002 * Cu14I12)*02 ~~ 7

C xItor a IN1kiNAL uIv 1,,it('.bTY (UNNUHf4ALLLLU) tiTtp IN.
c Cull) t~urA1NS LNru64 LI~ Pi~r U. 04AN PLi.O U1!)rwurLUft Ao rL. bieJ' I£7

RtPt~Jmr FwmW l, FOuwT*. *fti:p I
c r.4AN13F0IM CU14OLLA PILL) U TO FtWE~NLY WI'AL~ wLtm Fl-r 0IL 1
96 CALL FUUMT1C;u9N~ANNN0.1) 3FW 1?7

IF(RAhIT(.ELJUU.U.Nw~t.LM.1I~lU [J .49 tb 1,a6 r
ANLA 8 010RAVOTWO0 t ri 119
AMEAbwi a 414tA *AMEA b160AIO
ALIbAR ALTO? Wi !UN rIb 161
AldRIOW a A[OAN 0l(At4E..?nAt~t.h1I/A~tAJ o

C **Ald4IW a PLANE WAYL 1NTLINbITY (NCAW UIELU) S$g.p Lai
NQBS4A * id * NO**a(t 164
XINOI4M S A0MESH& / NU856J b165& n
CLIFF a CUMI1)'*? * WUM1d1*0d) * AINIJMM bitp 160

C CLIFF a ENTLRL1Nf. th[ENb11Y IFAA FW.Lj)! bt~p 16?
C STi4Mt. INTEftbITY !bUIP.A~U [Ih 168I B

*TIFaCIFI(~kWW 1LSIst 169
WHL (6916 STMLNr 510. 190

16 FUMMAT(/I/2A19w STI4LL INILt~bLTY a t.1.k 5e 191
99 P#A$PTI4O.Q !mtt 19Z

OtRCL iap 193
C CALCULArt UELZ [N EtAULVALI-g4 CULLI4ATL CLOI0UAE SYSTEM STLP 194

IF (NmkAi.IU.1) urZaUArAN(Saj/iWAL)-UAFAN(tLZZ-UELL1/ZNAL) SIER 195
IF (NL0.QU.d) UTm4LZ~rL/(~LZ0 0ZOL))tPLI 190
I~mT I 1 LIP 197
Cut 4 a 1 (I ) *ANPd! ~I p 198

C APPLY PROPhAGATION 14401IA SfP 199
1)0 lUl JuatNbo1 !)100adu
Ji a N102P'-,J sttp 201I
00 lOU 131.5 Stkp iv2
1a MP4112-1 !a rp 203

II'NT a IlNT*.1IL dU4
PHL 0 JflZ & APM(dIPN7I 'S Lp il05
SIM4P a SINIPtID STk.P 406
CUSP a CUSIPHI) SIEP 207
AC14ST a ANP2 0 APHI(1lPr) SftP 2116
CIuMNH1) A ACNSt COSP sttp 299
CUUMO?(2) a ACNSr SINP bIEP 210

C CUU'4AN*APtiLbNI)'CEAWCMLAU.A'Nl2,1iNrIeULfl 57EP 211
Cu(1.NmRS)(,J-lfl a CUt .N'1150i.j-L)IOCUUM StEP 212
IF(1.Lu.j) GO TO 100 STEP 213
CU(J#Nbh15*(1-l)) m CU(s.NiV[5*(I-l),*CUUM STEP ie14

CU(I*NPTti*(jj-l)) a Ci(1.N$T50(jI-l))9CUU1Nst d16
CUlJl.NS'7TS01I-Ifl CUIJI*NI'7b4l1-Ifl*CDUM si2 17
tF(IILT.2) 60 T0 l00 51(9 218

Cu11.'sT5(J1 a CU4Ll.N##f'*4J-0)0CUM step 419
Cu(J#N0o'15* -L)) a CU4J*Nb0T5.1l))*CUJ# 5Tt.P 220
Cu(11.orSeJI-l11 a cu(I1.$oorsowlJ-1i1.CUN StLP 221
CU(J1.NWrS0(Ij-1)) a CU4J1.NPiS'1111j))*CUM Scp 22
wO to 140 5 t.P 223

106 IF4I.IQ0MppI) (ta O [ oa 1110 d924
CUI1.'iPT!001.JI111 a CU4I*N.T%0ljI-IO)CUJN-aIL 22S
CU4INPTU4(L)) a CU(.jL.'t94(11))CUUN4 b It.P vice
CUIII'NVIs*tJI111 a CU(1.t4mla(Jl-O))1uum 2iv 27
6O 0 100 Ida St al

1019 IF4I.LT.d) bO TO0 S~u 229

CUI1Nf01.J1) aCU(CI*N'P15*(.jIl*cOUM STt.P 2.50
CUJvhro1-15*Cu.NVetbISl-lneco~u4 13M 231

Lou CONtTINUE 51tio 2.52
C TWA4SFOW4M COMPLtA IELt) TO A-WeACE u[(M [FT oltp d.33

CALL FOURT(CUNAMOIV4U..l) 3ftoo 2.5*
if (Nmetr.mt.u) zue'icEto b575' itis
IF (I17Hf.Uq.u."RNeL6.2.uyu RI4WUlN sttp d.56

C TNANSFORI M F,4 e.UUIVALLNI CLL IAIILUON0'UINATE SYSTEM (AC.Y4) StL10 2.57
C BACK T0 4EAL CONUINATE ~to'3M (AeY). blIp 2.56

WF a W00USU1NT4II..UUSI4ALe'2) 23t d9

FFaTNW2/(vF-wf) sLI tt*Z4
00 4d JalIh5'y 4 ~
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Yu5d 1 AI*MTS 1liP **

IJI a 5..JI*~t TLP 245
I12 a 4 0 IJI SIt.P 24
IJI2MI a IJ1U - I !TEP 241
PHI -(A(11**2 * YSI Off StEP id4a

SINP a IN (041 slIp 24#9"CUSP •CUSIPMI) bttp Zb0

CUNS * CUR(L1d2ML) s iP 251

CUM(IJ12"I) a (CUMSeCUS - CUNH(JL2)teINV)/WF StLP Z52
42 CUWtIJId21 a (CUH5*SIN' * CumIJ.lCOosel/WF bjhp 053

XAP4N'OW#/,1 StP a%*
NR.G a 0 SILP a55
WHITE (69S421 AAFAt4U sVep 266

b22 FONMAT 1/J7 TI'( P4.GNIFILAfL0N OF TNm OILLO IS FU./) b|iP 2b
-,TURN StEP iss

12 MIlTIE (6t9 SILP 2%9
9 FOR04AI(///.33H INVALIO vANLABLE NE M MCGION ,/eb3" SUwou I I SILP

IN. STLP COUNTNNUING WITH CUNbTANr tSM */S5t1 NOTE POSSLsI.L CAP s51P 2L
IANSION OF Tht dtAM OUTSIUk i CALC. NtLeulh sill) StEP 262
IFGaI StP 263
mMEG*Q Sitp do
010 TO 1002 SI p 26
E.NO SfEP 266

34. SUBROUTINE TBLOOM

a. Purpose -- This subroutine, shown in Figure 68, is used to model

four types of thermal blooming which may be seen by a beam as it propagates

through an absorptive medium.

The four types are:

1. Tranverse

2. Axial

3. Free convective

4. Transient

b. Relevant formalism -- Thermal blooming arises as a consequence of

the absorption of laser radiation by the transmitting gas. The absorbed radi-

ation heats the gas and consequently changes its refractive index. These

variations in the index of refraction induce phase changes in the propagated

beam. Phase changes produced by thermal blooming can result in beam diver-

gence, which overloads apertures and provides a source of high energy feed-

back. Thermal blooming also degrades beam quality. Thermal blooming models

are available in the SOQ library to describe the impact on the beam phase and

amplitude produced when thermal blooming occurs in (1) a transverse flow

field, (2) an axial flow field, (3) a free convective flow field, and (4)

transient conditions with no external flow.

250



TB LOOM

TBLOOM. 50 -~TBLOOM. 58

INITIALIZE
PARAMETERS

PROPAGATE TO TBLOOM. 59 -~TBLOOIM. 64
F IRST STATION]

FIND THE POWER TSBLOOM. 66 TB TLOOM. 79
IN THE BEAM

TRANSVERSE (VT=RHO) TBLOOM. 84 -~TBLOOM. 117
AND FREE CONNECTION1

LNEROO (VT=( 2c Pg/pCpT)' 13)

AXIAL 1 TBLOOM. 118-- TBLOOM. 195
BLOOMING]

TRANSIENT TBLOOM. 196-~ TBLOOM. 240
BLOOMING

PROPAGATE TO TB LOOM. 241 -- s TB LOOM. 240
_fNEXT STATION

OTO END OF

RETU

Figure 68. Subroutine TBLOOM flow chart.

251



Figure 69 schematically demonstrates the procedure used to modify the

complex field, U(x,y), as it is propagated through a thermal blooming gain

phase segment within the SOQ code.

Beam .Zn + aZ

Uo(x, Y)

U1 (x, y) az Optical Element,
Represents Medium

Input .Defined by t(x,y,l)
Beam Uo(xy) =t(x,y,I) U, (x,y)

Zn

Figure 69. Illustration of thermal blooming model.

As the beam is propagated a distance AL through the medium, it is con-

tinuously interacting with that medium. By requiring that the effect is

small, the integrated effect can be approximated by a finite number of dis-

crete steps in the following manner:

Assume each step is of length AL and that the effect of such a step is

approximated by a vacuum propagation to the center (AL/2), application of the

appropriate transmission function t(x,y,I), followed by subsequent vacuum

propagation of field the remaining distance (AL/2).

The transmission function t(x,y,AL,I(x,y) cmn be assumed to be of the formKt(x,y,I) -exp[aAL -iao~ (224)

where a is the absorptivity of the medium and A€ can be written
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d

-'I

f AL

S= T iTx,y,)

Employing the usual Gladstone-Dale relationship to approximate the index
RT

n, (n = l+pC) and the equation of state for an ideal gas (P = -P), theM
expression for ao becomes (assuming constant pressure)

27r Q/ f0 ~ dz ST (x,y,z) (226)
A

6T represents the temperature variation across the beam as a result of

one of the four types of thermal blooming. It is found in the following man-

ner:

(1) Transverse blooming -- It is assumed that the wind is blowing

with speed VT (con/scan) from the negative x-direction. The resulting temper-

ature variation is:

aFX
ST T  = o P I (x',y,:) dx' (227)

where I is the intensity of the beam.

(2) Axial blooming -- It is assumed that the wind blows in the

same direction the beam is traveling with speed V (cm/sec) resulting in

a /-X "
STa = -s--p f~ I (x,y,~Jz

xax f I (228)

(3) Free convection -- The temperature variation due to thermal

gradients caused by absorption is:

T CL ,x I1X , I x
= V , " x,\,.dX (229)
Cp c.

33

where vc
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P(:') being the total power in the beam at Z' and g, the acceleration due to

gravity.

(4) Transient -- Finally, in the process of establishing free

convection, the beam has a residence time T during which the temperature
(sec)

variation is

5Ttran O I (230)

c. Fortran

Argument List
ALFA - Absorptivity of the medium (cm -2

CP - Specific heat (J/g-K)

T - Temperature (K)

RHO - (1) if RHO<l, it is the density (g/cm ) used for

free convection

(2) if RHO>l, it is the transverse velocity

ZLEN - Total length of the blooming medium

NSTEPS - The number of steps required to adequately represent

thermal blooming over a distance -LEN. Phase per step

shift usually kept < i /8
-8

INPT - Flag for intermediate plots

NPROP - Same as NSTE in cavity

AXIAL - Axial velocity (cm/sec) and is > 0

DT - Residency time for transient blooming

None of the above parameters is redefined by this subroutine.

Commlons :

The variables in common which are modified are:

(1) CU: the effect of the blooming is applied to CU

(2) CFIL: due to its equivalence with the PH and W arrays, it is modi-

fied when they are defined.
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Computer printouts of subroutine TBLOOM follow.

SUBROUTINE TBLOOM 76/176 OPT=l FIN 4.6+4S2 04/27/79 12.23.47

suNtjrjNE rHUMAt A*C9I9"9L~N~~*L O MW6A L ri FLUOM a
Lt.VEL do CUICUW9090a ItoLUUM 3

Id6LOUN 1
CQMMN/AY/NO.* -4HtMAO IN toLuUo b
ULMEibluN E(8J4J'i.~4 O6URM 6
AtAL CUNT.Ulb68 I dLOUM I
REAL ISAf TdLUOM d
CIJM0LLA CU#CFIL IWI.OUM
EVLENL C(, CuNUI) iWLOUM 10

C********* *OO**O4*I** dLOgeq 11

C THIS vERSION~ OF fbLUUMf "AS OL~EN MOOILEO TO idLOUN 12
C ACCOMOUATE AAAL dLUUML,4G CALCULATIONS PER I'MAb I kIOOM 13
C twU-7IiNEE POPOAL ~J PURUMiAR o/ 1b !dLOOM 14
C **ie***.*4. ******* *.**********ILOUN is
C THIS RdOUTINE HAS dEEN FUkTmE" MOOIFLE0 10 ACCOUUA(E tik*NSifi tW.OUM 16
C THEMAL dLUOMING CLtCULATIUN~i. TAANSIL.NI TM.dL. 15 THE P"'AbE tdLOOM if
C CH4ANGE vmICH "ESvLIS FROM EN~E04 UIiIUN TO THE MEDIUM TdLOOM 1d
C WiH NO FORCED ON FW~t kUNVWLT1UN . Wt WJ~ ... TWLOOM 19
C RH * CP e urIE*'/or1NE a ALPH9A * L(A.YvZ !dLOUM do
C AND FIND bOHASE CHANGE FROM 1"t LINEARLI) LNOEA CHANGL... rwILOOM al
C DELTA N a UN/OrE'"' *OELrA rEmp (6LOUM 22
C P(AIRAN I i Lit /14 TSI.UOM 23
C Trt.OOM d4
C *e.~. * *** ***.OO*O.OISLOUM as

EQUIVALENCE (W( I 19CFL L ),CP"4 I i,4FIL(8193)) ISISOO14 2b
NS~aNb'QOP tSiLOOM 2?
M a U t ULO 000 8a
IOUT I t bWLOOM 49
IF NNHPE.,N.PU.Mb or N Q fSLOOM 30
IF (NPRUP.E0.J3 NSTud TdLOUM 31
wNITE469bI ALFAsCITv ZILNINSILPS LOM 2

5 FOHMATIL19MOFIELU #eAS ENrtENU SutwSY51tm Idg.OOM - STEADY STATL THEA TSI.OUM J3

AMAL VL0OMIN4U "COUM~ /Z 76I.OOM 34
ASA9lSMASOI4PT1ON CUEFFICILNI 2 9412.bobM CM-L/2!*At tLOUM 35
A1VmSPEIIC P414T.CP a ,u14.5.i TkI/b-~/A LOOM 36
A14ATEMPENATURE a v4ld.591H ULU~. A/db~t TtILOOM 3?
AIZMTHLCIXNESS a *9jj2.593P CM/ebAv i SL00W 38
A15MNJ. ELEMENTS a 9131 THLOOM 39
IFC(NT.G.0.03 4,0 TO 700 ikLOOM 40

C *0*.*.. UT 13"EATEN MNAN 3.0 INOICATES TR4ANSIENT dULNG **** isiLOOM 41
IF(AAIL *GT*.l~ w011E(6.29&)AAIAL TW..OUM 42

596 FURMA;(2bA9I8HAAIAL VELOCITy d"G~.qU CM/SEC FOLO0 43
IF(xIA .4. 0) 41TO70Q0LDM 44

C ***0*00* AAIA. 8 AAIAL VELULI1Y 0*00 O00W 45

IFMrU (WH or. 1. W6T3.DOTOOM 44

"'iro ag a. ILOOM 51
RA .taLOOM %01

C fu P'oaT 0. FRT L~~ TOLOUM S

c VLA 0. td Al.~LOUM bQ
IF Iu New0..o. TOLOOM 56

P iPol 0..Ei i 163.00 b3
ICALL ST EL -ALFU*.L.,/Ri.,MT0f 130004 56

00I Iv IPROP.NS1E CALTHtULZd#vUrLOUM 60

1 I mA- 163.0M 63
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0.1 A (d) -AQ() roLoom 6?7
UAS a GA*09 rdLU04 68
OCAL a NOTSOuX IdLOOM 69
xFACT a 1. 10LOOM 10
ZFIN,4E.U..P.NWE.9.EQ.d)AFAcr a I./wNOw**2 I BLOO04 1

C *.CU4PUIE 000wtks UENSITY rdI.UQD 72
NOJI~rWTS*NY I dLOOM 13
PT a 0. IdLOOM 74
DO 10 IaLN08 rIWLOOM is

C w( I 1aCut I )*CUN.JQ(CU( I ))*AFACT 1I UOOM r6
w4 I Ia(CUN(Z't-i)**Z 0 LURQ*I).**) &AFACT IBL04 F7

10 PT a OTw I ItWLOOM /8
PT a PT*OAS4J*NPrS/N'Y I81.0094 79
IFII3T*Gf.0*0I 40 TO 220 tWLUM do

C** TE.ST UT ro DETERMINE IF TWANbIENT 6L.00M114( R4EQUIREU WIL.009 81
IF ( A4.1. rjr. u. ) w1( i0 Is 181.009 83

C TEST AXIAL To DETERMINE IF AXIAL11 WLOUMING IS REQUIREU 181.009 83
yr a WHO hSLOOM 64
IF(RMU *LT@ 1.0) toLOOM4 as

AVT 8 (98U.66594t*ALFA.4(tUCI'OT))0*(1S/3i OL104 S
CAP a 6.281G5SJ*ALFA*e.1.*uCAL/(wL*CIO.r*VT)*GOC rbLOOM 07
IF(II.PT*kL.01 60 TO 16 T81LOOM as
IF('44J(MI9INPT1.NE.osGo TO 1* rVL.009 89
wIRITE (6. 14)K.PT ,VT9CAPI rWLOOM 90

14 FUkMAT(46HI FIELD INCIDENT UPON THERMAL dLOOMING ELEmENT91290H POW TBILOOM 91
lweN .I12.5od4N TRANSVERSE. VE.LOCITY a #bId.b*IbMCMiS CAP u 9412 TUL000M 92
1.!)) tbLOOM 93

N EU ILOOM 94
UMAX 0 . TbL.009 95
CALL ourout (CU. ~iYNb'rSA.N9uMAA,.714ut....FALSC...FALSE., r@LOOM 96

15 PMAX a -I.eLi TLOOM 97
WAlST4 x 25 TdL.009 go

19 CUmTINUE tWLOQUM 99
00 20 JaIONPY T81.009 L00
SUM a 0. 1WI.OOM 101
JIxfj-1I *NpTS TOLOU1M 102
00 20 Ia19NaOVS MOON09 103
jjaI.~jl 781.009 104
SUM a $U$M*W( J.J) TOL104 1ob
PH( J.J) x CAI"'*sum/mprs t81.009 106
CU( Jil CU( J.J*CLX(CS(QI( jj)5NiH( J~jf)'I*PED tUILOOM 107

dO IF(Prff JJ).GT.P4AAIMAAI.M( .JJI t81.00 106
IFfIrvPT.tQ.UJ GO T0 35 rdLOOM l09
I1-cM00(KI(M1N6JT).NL..0)9 TO J%) 181.009 110
wRITE(6,4) K*PMA1 (BLOOM III

3d. FuwmArtb441 IeLU AFTERI MuuIFICA7ION tAY THERMAL dLUUMINOj eLEMENr.I 781.009 112
12,32 MAXIMUM PHASE. iHIFT LNUUCEU *AS9GI4.b*8H RADIANS) tWLOUM 113

N a 0 TULO0094 14
UMAX a 0. tWLOUM i1s
CALL OUrlAUI (CU.N.'YNP'S.A.N.4U94AAo.tRUte.FAite.J.LsE. TdL009 116
(i0 TO is5 1LUU00 117

C *.*******.e* lid**. ******* .10 1
C THIS !iECTION 15 OESIGNEU 10 CALCULATE PHASE CHANGE OF THe 8e.AM 781.009 119
C out. TO AN AALAI. VELOCITY COMVUNIINr. THiE MArM I4EQUIWE.S THt. S01.61 I81.009 Ido
C Of THE. ErERGY EQUATION FUN A IEMgJ elbt PANALLF.L TO THe. WEAM AXIS. 1810094 (dl
C IN WHAT fOLLOWS9 CAPKAA lb A 015TOIITIUN NUMBER OF SONTS, ANU tO1.009 lei!
C THE PH9ASE CHANGE Ar EACH mEsm POINT RtSULrS Fom THE. PHOUuCr tdL009 LdJ
C OF CAPKAA * INTENSITY 'IV". THE FIELI IS MOIFIED 8V TreE PHASE i81.0094 (d4

C CHAN"E INOUCEI),ANU THE 108E14 Lost TO "EAFING THE MEO0109 10"NE046. T81.009 Ids

C******4* ** *4****. TO1.009 146

18 CAPKIAA 6.2*3Idb3*ALFAG11C /(,L*CP*AAiALolOi.) IWLOOM Id7
ZNOw a NU Q10 ELZ tdLOUN Ids
IF (INI'T .EQ. U W 9 TO U I 81.009 Ld9
IF(M00 9M1,1 T).Nt.0)4O tv b0 781009 140
WelIrE (69,b5KPT ,AAIA.,CAPAeAA TOLUOM 141
wNItE (6.46) 11408 I OLOOM 142

45 FONMAT*6MI FIELD INCZOEP4T UPON TMEWMAL dLOUMINCI ELEMENTIdod" POW tdLOOM 134
IERA 912.5,34 AIAL VELOCI1Y a ,CI1d.b,15HCMIS CAOKKA1u IdLOUM 144
2 012.h) TOLOO14 135

46 FONMAr(I0A919HA.IA1. elSIIION 8 9G~d.b9JM CMI TH1.009 1.36
N a 0 t81.009 147
UMAX 2 0. IWLOUM 148
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CALL OUTPUT tCU9NPY.1*'159X9,N.UMAA9 rNUE. *.FALSE.* FALSE.) J WLOOM 1J9
c *****TiE 00 200 LOOP IS AN ANALYTICAL GAUSSIAN OLoo04 *... TLOUM 100
C *****THE 00 200 ALSO CALCULArts WHASC-6AIN NUMEHICALY i**4 ibLOOJM 141

o PMAXAA 8-1.1.7 TlOON1 142a
EVIAIST a 5.0 NOLOOM 1*
PHOAR a 0.0 10LOON 10-4

P"G a 0.0 foLOOM 145s
00 200 j a IINOY rv~oom 146~Jim(W-1) *NP rS TOLOOM 14?I
00 200 I a 19NPrS rdLOON4 144

C ANG S X(I) * XAU) 9 A(J)*A(Ji TOLOUP 149
C WAISTZ a EWAiST * EOAIST rtlLOOn 150
C IF (ANG GiE. VA1IT2 ) ANO, 2 0.0 T OLO 000 1b
C PM4GAUS a CAP'KAX * 4PT / .453I1/ASZ *(EAPUIARG Z .)/ Tw4.oom 152

* ~C A wAIST2)) * .Z~Nw1 LASt**d) ftWo'JN isi
gi aI TJ BLaON 114
PWIICK) 4 CAPKAA *w(KU)*CLNOW**d -ZLAST**Z) TOUNO 155
CUCICK) a CU(KK) CMPLA(COS('9

7
(KK)),SIN4(.'N(KK1)I * OWEDO rseOUe. I1

*C DELTA a PMGAUS P '(KAJ TWOLOOM IS?
PNOAI a I'dAW * PHIRA) TOLOON 1SO
P"SQ a PN5J 4 bP"(K) 9PM(IKAI t04.0GM 159

C IF (J .4t. 1 0 NPyi' ) toUT 181 1 ft0GM 10
C IF (INPT .EQ. 0 ij O r L?1os t04.uM 101
C u.41TE (09180)A(I).AhJ),b"tAU.ooMtIKK).OELrA I dLUUM 102
C1790 CONTINUE NwIOOM 10.3
C 160 FUNMATISA,5G1L2.b) iOLOOM 104
C 101 CONTINUE I kLOON 105

k0o IF (PN(KA)~ .4r. PMAAAA) PMAXA 2 PH~(KA rT~uoM 10
C ******** **** *.*.......**.. LOM 107
C RMSI'MS a NMS PHMASE U1STU,4110N FUR UVLLZ t)TP tt04.OOM 108
C AVELAG 4 AVLO.AUiE PM"ASL LATI FUN rNERMAL OLoomiNo SEGMENT TtFLOOM 109
C P"uANI V AftRAG PHASE LAT, FUN OkL1 STEP~ iWLOOM 170
C RMST0T a rurAL i4MS .'ASL. FUN TNtRMAL aLUUMNG SEiJNENT fOLOOM, 171
C OTUT m TOTAL "AAL"UM 9P1ASt LAU FOR TMt"MAL 8LOOOMLNO StLbNNt TULOOM 172

C mE AbUVE J1T CL~ Pd/lb/74R Aw NLUOA UAyUl TdLUUM L1
C Ti OV JSI CLP dANAMbTER rd zi~OOASUASIS TLOUM Tj4
C Wu4SPHiS bWW~T( ~30U 1 'ON.3N0.bl')TLOUM 175
c T UTrPTSa qPY # NIPIS I WLO00M 110
c k"SPHq5 4"bPH,5 / SURT(ruIIp5 ) tlLOUM 1??
C PMOAWI a PMOAN /(140.YONOTb) (OLOUM 1ts
C AVe.LAII a AVL.LAO P ~dAN1 IdLUUM 119
C RMbT0J1 a w(MTT* MSP540deee ITOOM 180
C PmTOT a PmTC2T * IMAAAA tdLOOM I01

ZLAST a INOW rtSLOUM Loa
I F tI '4b7 *EQ- IU) 00U TO Jb I dLU0M 10.3
1F(MO0(KMIN~t) NE.IW~i Wu J TdLOOM 184b
uNITE (6933) K9PMAAAAsAAlAL ftOLOUM 1os

C *RTE (e9491 AVk.LAG.NMS~r,.',ior TdLOUM 180
33 FONMAT 142(1 FIELU AFTER AAJAL T0IePAI,.,NAd,1.3 TLOUM 10?

C 49 FUWMAr(t)AvlapTo1AL AVEpAhk PHMASE LAU v011.b.181 TOTAL RMb O'MASEs *tdOLOOM 1ds
C A0112.!.10I1 TOTAL PhASE CHAmou. mAA. asbA1.3i IdLOOM 109

wNITE (69443 CAI'KAX (@OOM 190
44 FURMA(LUA.IuM CAfr#AAX a .012.9 I 8L OUX 191

N 2 0 TOLOOM4 192

U04AX a 09 TOLUON 193
CALL 3UrPUT(CU.NIY.NNPTS.A.NUMAA..TMUE...FALSE...FALSE.) rdLOMP 194
GOI TO J3 t04.UUN 19S

C *r******** 90O *e** *****@***** TLOON £90
C TF4ANSIENT NTERMAL BLOOMING CALcULArIUAS*A£94 DONE IN TILS SECTION. tOL.OUN 19?
C ENERGY EQUATION IS 5OLVEU FUN PHASE~ CHANGE AS A FUNCTION OF 704.0GM 196
C BEAM ON TIME. ISLOOM4 199

* C ****.**.* *** **~* *********O* TOLOUM 100
210 ETA 64ALOA * 00OC I / 4 t 0 C(P I TOLOUM a01

LNOW X ZLAST * TOL FLOUM 201
IF IINPT *EQ. 0) WM TO 110 t8LOOM 403
IF(MOOfKMI9IN4T)*NEs0)4 TU 10 tO§LOOM 104
wRITE(699741 OT9ETA9OELZvZNUV9AFACT9WNEO TOLOOM a05

179 rvwmAr i/,7H Ot a .0ld.5.714 trA a toldotovdH OELZ a *62bl TOLOUM 400
ASH Z 0 9012*b#10M AFACT a 94L2.S.'hI PN~.o a 9G12*S) tOLoUN do?

wRITE fa.163 K TOLOUM due
V60 FONMArtS4m1 FIELD LNCIUENT ON TRANSIENT IMERMAL dLOOMING ELEMENT tVLOOM ?09

Asia) tdLOON 110
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~u0TSLOO84 ill
N A00 a- f. tLOO1q ili
CALL uuTuT(CUNPYN't5,AN.UMAA.THuE..ALSE.,.FALSE.) IftouM 413

a10NWI NPY / 2. td4.O0M i14
ZLA5T a NOa rVLoQm als

0O04 0a 0. 1*r ILO'JN i16

FACTOIWu ETA * Of * Ut.LL * bedd3l#03 / oL. * FACT t*LOOM il?
00 300 L a Is NPY TkILOW4 dia
J a NPTS*(L-11 twiLOOn 919
!J a 1 9 j I 4.OQ#M 221

C XIAT a CU4Ij) * CLUN.Ati CuLI.jh) TOLOO14 222
AtA a CUII(9*Ij-l)*Z * CON ,dLJ2**d fULoom ?Z3
OP141 a FACrw4 * P.LAY tba.0Q. d46

C OPHI a (ETA * Uf *UELZ * (2.40316*3 / wL) * XAY Y,.0W" 4ai
C CU( L.J aCUI IJ * CLAOI Crn'LA (0.9 00"1) ) * 90 1ML0O if

*CU( I.J I CU4 1.) * CMftAICU!i(Ut'it)9SIN4UPHI)) 0 PWED tini.0W 227
C 300 POWEW a 'IjWt.I 0 CU(I.J)*CUN.Jb(CU4I133 tdLOO" US

300 PONW( a P0wt.N * AYtoLOOW d99
PU.(si a OUwtH 0 OAW0 *r*'fbloDY *AFACT jOLON ij
VWlTL(6949'3) OT90UwN ILOOQI 931

49t) Foj."AT(IOX9Mh Of a 9012.bolg"Pe 'wEN a 9(ili.121 rvt.0wM 244
IF zrNOr EQ.. 0 i ro .s3p 1dLOOUN 433

I~~u~gqLd.3N r0I o t.j!2 tdLOUW4 ZJ4
N"ITL (69260) R tOLOOUM iis

461 FGH4AT(49"I FIELU AFILRb4 rANbLENr TMLP4MAL dLUOMINQ SE4MENNT 914) tdLOSW4 136
UMAA a 0. IMLou" 247
Nag rd~oom Zia
CALL oUuT (CUNlOYo~r5.~As,MAA.R~Ue.,.FALSE.,.FALSE.J TULOON 249

ebo Co~ri~ue i dLOO04 440
C JS IF (rk.LtT.S CALL CUNWtEtLLU.Ml4 tML.OUN4 24

JS IF cKLr.NSTEOS) rULoo" 21*2
ICALL STEW(ULLZ 9WAU9.19.1*Nbf9 U90,U.,U.,MI) frMLOOM 243

C 100 IF tK*E4.N5TkP%) CALL CUtUCL/d!.,1UUT9M) rdLOQ0M 24d
LU0 IF (K.E.4tTEPS1 tWLOOUM 245

ICALL STE(UEL/d.NAU.1..1,N~tLOjUf~gog..U..NL) TUL0014 246
I4ETUMN tdLOO" 247
ENO NKM000M 940

35. SUBROUTINE THERML

a. Purpose -- Since uncooled mirror glass has such a low coefficient

of thermal expansion, the mirror surface heats up as the beam hits it, thus

heating up the surrounding boundary layer of air. Subroutine THERML, shown in

Figure 70, models the phase change impressed on the beam due to thermal

gradients in the boundary layer of air.

b. Relevant formalism -- The theory of this phenomenon was developed

by Humphreys and Wick (Ref. 15) of AFWL.

15. Humphreys, W. W. and R. V. Wick, "Change in Optical Path Length Near a
Hot Mirror Surface," laser Digest, AFWL-TR-75-140, 1975. p. 9.
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THERML

COMPUTE POWER THERML. 36
DENSITY THERML. 48

INITIALIZE THERML. 58
CONSTANTS THERML. 81

DETERMINE AND
APPLYA,0 DUE TO THERML. 89

LOCAL TEMPERATURE THERML. 123
VARIATION

Figure 70. Subroutine THERML organization.

Following Humphreys and Wick, assume that the times of interest are

short enough to consider the mirror to be a semi-infinite slab. From the

theory of heat conduction the time for heat to traverse a length L is

t = L 2/c. Thus, for mirrors of thickness L, the time during which the mirror

acts like a semi-infinite slab is <<L Z/a. Assume also that for these times

one can neglect natural convective cooling. Therefore, the air can also be

modeled as a semi-infinite slab. The one-dimensional heat equation is then

assumed to apply for both the mirror and the air:

)!D 1 a F _ 1 (231
;x at _)2 a-
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Common variable altered:

CU = the field is modified by the boundary layer

temperature gradients.

Subroutines called: OUTPUT

where the coordinates are seen in Figure 71.

+ Xa  + XM

Figure 71. One-dimension heat diagram of mirror and air.
I

Initially, both the air and the mirror are at the same temperature To

Tm (xn0) = To = Ta (xa'0) (232)

For the times considered, the heat does not have time to diffuse to the back
boundary of either the mirror or the air. This boundary condition can be

written

Tm(-,t) a To a Ta (-,t) (233)

The air and the mirror are assumed to maintain the same temperature at their

joint boundary so

T (O,t) a T (O,t)m a (234)

The remaining condition to be applied is that of heat balance at the joint

boundary. By Fourier's law
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II

aT m

"kin l' x = 0(23n

where a is the absorptivity of the mirror. Similarly using Fourier's law at

the air boundary
'Ta

- 0 (236)

a

By combining these two equations, the joint heat balance equation at the

boundary becomes:

A Tm k aTal aI
)0 1k a xa 0(237)
... X =0 =

Since both the media obey the same form of equation, consider the solution

of the following equation:

;T 1 T

x2 a (238)

Finding the Laplace Transform of the above equation gives

d-T(x,s) T (x,o) + s (x,s(239)

dx2  
a

where,

(x,s) - tT x,t)

Noting that T(x,O) -T o for both the mirror and the boundary layer, one can

rewrite this as

d2(Fr .x S . X T)xs -i(x,s)-(240)
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which integrates to give

TO  x -x

T(x,s) = -- A(s)e + B(s)(s (241)

The boundary condition for x - implies that A - 0 for both media.

Therefore

TO  x

-(x,s) - -- = B(s)Ts B{~ 242)

To proceed further, it is necessary to determine B(s). This is done using the

joint boundary conditions. Recall that

3T 3
-k -M -k--. a ±Im m dx

n x m =0 a a xa0

Assuming (aI) to be constant in time, this transforms to

a;F T
-k -i -k a aI
m ax a- - (243)

in a s (43

but

!T (x's) s B(s)e X x =. B(s) (244)
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Therefore

-k B -k B(245)

Recall that at x = 0, T m(O,t) = Ta (O,t). This implies that Bm (S) = B as).

Therefore

B B aI
a = m= km  + ha (246)

The equation for the air to be back-transformed is therefore

'Ka
T

ToYI e a

T (X ,s) - =
a at s km + ka s (__ s s(247)

Note that Tm (x mt) obeys a similar equation with the a and the m subscripts

interchanged. Recall the following Laplace Transform theorems:

To
L(To) To

1 (t = dt f(t) (248)

and

2
e-aVs 4e-a /4t
- L (249)

S Kvr
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The equation for Ta (x at) is therefore

t 7 &'

T ax at) -T =km _ka -dte a

m a (250)or

T a (x at) Ta (x a,t) - TO
aI -xa /4a t

- ika 2 _t ein a

(251)

x X
aerfc
V(a)

a V 0at

The phase change in the beam induced by this variation in temperature is

given by

0 (x,y,l) 271f a a(dxa )

0 (252)

The factor of 2 is due to the fact that the beam passes through the boundary

layer twice. The limit on the integral is seen to be the Practical point at

which the variation in temperature becomes negligible. This limit is impor-

tant to estimate since the integral is to be done numerically.

As in TBLOOM, dn/dt is found by the Gladstone-Dale law

N 1 1+ PC (2S3)

and the equation of state of a perfect gas

NP
OS~ (2S4)
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at constant pressure

dn _-oC
dt T (255)

It is assumed that the effect is small enough that the integral may be

approximated by a finite number of steps. Four steps are chosen here.

C. Fortran

Argument List

CONMIR = mirror thermal conductivity

CONGAS - boundary layer thermal conductivity

ALPA1I z mirror diffusivity

ALPHAG a boundary layer diffusivity

RHOGAS - boundary layer density

REFMIR = mirror reflectivity

TAU - transient time

TIN = temperature

SUBROUTINE THERML 76/176 OPT-1 FIN 4.6+452 04/27/79 12.23.47

suowwaUiNE rV .L(CVNLALAN.ALAb.Ub0ASTAu.TNWLUMhI~, rMtRWL
1CUNGAb1 T1M4L 3
LEEL 29 CUCUUM"E" 4
CUOIftTC ,i**FL(6L~ A(LJM).WLNPTSiMg0.MA.UNY rNt"NL 1

CQJMM/dAY/VNOW91'41La. MAP' rel I rCIL 6
REIAL CUIMt361bd t~ltMML T
CUN0LtW CU.CIIL twMaL a
kEJUtVALENCkL 1CUEI0UI)f tfl~4L 9

C *............ .*.*. ***OO0***** NjL
C L..I"k~.~~4qRn"nq 11
C T"jS IOuU4IL CALCULArk~ TMlL EFFECT OF A TIIINMAL dOUNUANY TftRML 12
C LAYER IN FRONT UF A M114lN. Jo FUNtiN '2 /31 ur3 rtHmL 13
C . @ e ** ******~~t,.t.ML 14
C rnmwa". lb
C TNLRM4L Lb
C T.MIb VERISION4 CAL.CULATES WIlAL CMAN~I dA"U ON TMll GAS TLNI'. tftaNl. I?

C WISE IN FROUNT UP TME MINNUM ACCUMOLNO TU FOWNAMOS bULUTIUN I MUNif Is
C Ab 6INERMU~( FWOM 9 AEA( IR4ANSFE4 £ dY IIULFAN* tNtmMqL 19
C tMEANL do
C t~tR"L 21
c T~ikMNL za
C PUIRGMAM 12J1/fb I NMAL d3
C ******TftRMt 24
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WWITE46b) ALPHAM,9CONi4.WALjDNil,.CINbA5.NlO(AS~rAu.TiN9NiMALm IIft94L 2b
5 FORMAT4119MOPIELD P4AS ENTEU M4IRROR0NrIEWMAL 9OUNOANY LAYtm ROUTIN reto"I 26
AE. M"i)IUH CONOLUNS /2 T1ImtoL 27
XSAJQNMINNWbI IIFFUSIVITY * *4s4Z.t,1N C14SU/bIC /2SAq iIem"L as
A30.g4IIRU T1ERMAL CUNoucriviiy a #G1e.S*IJH wATT/CM bEC /95A9 ?P4tRML 29
A30148QUNUARY LAYER4 UIFFuSIVlT'f a oti1J.bolJm CM4SU/SEC iiAv tP4RRML jo
A30M60UN0ARY LAYER 114ML CUNOUCTIVITV 2 *jd.bJH4 WAIT/CM $CC /2bA TMERPML ii
AJU"qOOUNBJARY LAYE14 DENSITY a 9Ggb9 GM/CC /26AO ?p*RIL ii
AhiT,4ANS11IT TIME1 a 9Gkl.he I"4 5C f/iVA9 tP9tiML 33
AL4mfEPMCATUHE 2 .9,?fiv/ Utbe A i'dbAt TMEIRML 34
A14MIMR431 'HEF* a 9612*5) trItMNL is

C **COMPUTE 00%*Ept uENSIf 114(RML 36
P41'T a I 114tPML 31
IF (NtPTS*GT9J2) 174PT a 0 i"pf 36
OA 8 A(Z) -A(I) TIItRWL 39
OASO O A * UX TNCRL *0
AFACT aI. tMEjamtL 41
IfI7*I1G EQIti .04S.M1.G E'A*4Zl AFACI 1S/d4Ow**i TfqU4L 1
NMaN~T*h4' TI4UML 43
PT a u. tflt.RMI 44
DO. 10 IUL.Nfad igIIRMI o.4

C 10 PT a PT 0 CU( I ICUN.)G(CUI I 33*AFACI IPIEWMML .4
10 w't a PT 0 ICUR(20Z-1)*O'l * CUHEi!4l.*d) 0 AFACT ~ti..II 4?

PT a PTUASO&MOI/NOY T14EPPL 46
w1ITE6,1') IT tlItwNML 49

14 FOM$4At(414 FIELD) IMCIUENF UPOUN dOUNIJANY LAYER4 ELECMTv THlIOWER tntRML so
in 06d5 tNIAML 51
IFI.PT LWo. 0) 4u TO L5 iMLR04L 52
N a 0 tM41.M 53
UM4AX a 0. tHERiMI. !24
CALL ouiur(L.U*NP.MYNPT5*A*NqMAA) THLRNL 55

C *4O****.4 ***** *******T?4LRfL 56

15 CONT livue tI4ER141

C **ALPOMAm rmLImAL OIFFUSLVIrv ota MINNOW4 MATtJ41ALI tf 6

lZa J.141bI Ift"M 01
(;QC a.223 IrftRML 62LEAaS (I. - WEN1143 I Lt".

Ci a Q C)TptmmL a
Nila l.NZ * AU/l1 66

SA41TO a b3l)5ArMiALFCbS.LC1CZCJC Pl4*.I4L b

lD UMlEiMSALFM aAF tiogttA6ASM TPtIML 6
1l I.411 . *APA)1U ftM"L 77

wiIaTEae.I@! EASpNiMtMML 76

MiT a ao*SQR406A/0 TI (tCPE"IL 12

"e4pLrCa,,100a oi ?t#L Si

21002 FUNAT(IVA#944h AF AF UO U OC2 C3 C4~i tMERM. 16
1F 64610s) 04 T 11 Te40~AML 04

VWE16#1O.0091 ) Sw KI~M ?a
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C XIAY 8 CUI * CUNtJG4CU(L1) tHIEAML 96
hIAY a CUAI..-0**z * CU"4z*1.DlO*d rfttpm 99
00 325 "M a 1,NZI tIE.RML 100
ZLU("M - WOOL1 rmtpj% 101
A~tiI 8 -CIj * ZdL Zd TnIR4L 102
AN(I1 a Cd * O TPt.014L 103
F2 a EAFC( AMUJ 2 lA"La 104
ULLT a A1l'r * C4 9 F2 ftll~.NN L0s
TOMN a TOMN * OE.LT*UNUT*0L 1MtWNL 100

395 00NIAY a-TOTN 0 094 92. t~RoL 107
C LP(IN007 .CU* 0) GO Nt 330 rftAft ioa

(FOP"IXV.Lt.dGPl1) GO No 3JU Ttft~mL 109
BWtP'"1 8 Ob'N1AY I IRI4. 10
XIMAA UX.1AY t"F.Rft III
A844A a Ax rttof 112
YMAA a Y7 IMCAnL 113
OELTMA sUEL r tflf 114

C FImA so; TML4NML Lis

P*MA sop TPMtINL 116
TurN44 a rUrre hI*."NL L1?

330 (IJ4Tl1NUE r ILohm- 110
1ldjrWT t~u. 0.W14.NPTS .IiI.J*d %U ro 49 rVNU4% 119
dWlTkL(691006JXX9YV,2WMIAY rlf.4L 1*0

1006 F%)A1IUA9(0X,01*.b1) I ftkft 11
C 39S CU11J) 8 CUtl,.e * CEAJ.'CftLAu.~1 0AY))(tf 142

J95 CUIIJ) 8 CU(1.JI * C141LA( Ct~b(UPL*AY2,t)LNL~h0M1AY) T~t.~NL 1*3i
'.00 CUft rI N4E TML041L 14do

C Il l1NIAT.tlJ.0I GO0 l3 J i~ft.NL US5
wMITEIO,*,132 dIlH01AMAAAMAAYf4AAULrmAed,4A~ruJfN4X ?MtkML Ia.

9V~13 FONAV(IUA.14M URL1AA9A*Y*4u1i.4.h9/*1dM UTEMP*FJ*1 29MWLN 9J12 1mtR#4L Id ?
Ab) I MtRML I*

IF(INPT.LU*U) (A) TO Jb tW14L 99
34 FONP4Ar(61M1 F1(LD AFTLR 144JulICAtIUN dY TMLH14AML dOUNUARY LAYER? ELE rMtRIML 130

IMENT 2 Thtkft4 131
ft a 0 IMt.RML 132
UMAX a 0. INERML J3
CALL OUT0UT(CU*MVY9M0TS9A*N9u1MAX tMLMML 134

36 W MtUWN TMEWML 13b
LNU tM".RML 130

36. SUBROUTINE TILT

a. Purpose -- Subroutine TILT, shown in Figure 72, can be used to

remove bean tilt and will calculate the radius of curvature of a beam.

b. Relevant formalism -- To remove small amounts of beam tilt, the

following formalism is used. Large fixed tilts, such as result from mirrors

set at an angle to the beam axis, are removed by the system analyst in defin-

ing the equivalent collimated system.

Consider an input field U~x,y) incident on an optical element with

transmission function t(x,y) yielding an output U' (x,y).

S(x,Y) a t(x,y) U(x,y) (2S6)
2 A exp (it)

267



INITIALIZATION CYCLE 9.73 -'CYCLE 9.118

CALCULATION OF
x AND y TILT(ATLTX, CYCLE 9.1 9 -- CYCLE 9.142

ATLTY)

REMOVE TILT
' FROM CYCLE 9.143-CYCLE 9.170

CU AND CFIL

[CALCULATION
OF CYCLE 9.171 --m- CYCLE 9.203

SPHERE (B)

REMOVE SPHERE CYCLE 9.204-CYCLE 9.223
FROM CFIL

PRINT ANSWERS
AND CHECK TO SEE

I F SPHERE AND TILT CYCLE 9.224--soCYCLE 9.237

WITHIN TOLERANCES

RETURN

Figure 72. Subroutine TILT organization.
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For removal of beam tilt from a field U(x,y) the transmission

function must be of the form

tTILT (x,y) - e-i(a x+ayy ) = eia '  (257)

where a -- hO and A = hG define the tilt angles to be removed.
x x y y

Similarly, the phase curvature is removed by the following transmission

function
-i k (22yl

t SPHERE(X*Y) - 2R (258)

To calculate the constants a and a for an arbitrary field distribution,x y
U(x,y), define the following functional to be minimized:

FTILT =ffdxdy IU(X, y) 12[(-x ay](29

or

FTILT =ffdxdy JU(x,y)I 2 [;0 xax)2 (. _ay)2]

the resulting expression for a is

- > (260)

where,

jP 70(261)

70 is easily found from the field data by noting that

Im (U*%U) JU1 260 (262)
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Once the tilt is removed, a similar procedure to remove phase curvature

is used. Recall that the transmission function tSPHERE (x,y) needed is of the

form

t (x,y) = x 2R (263)

The new functional to be minimized is

U (x Y 2J[,7(. bx 2  Y21
]]fdxdy U0~y b ___ (264)

which results in

b = <x " 
>

<x *> (265)

Valves of tilt a and sphere b are found by an iterative procedure until the

values established for these parameters do not change appreciably.

c. Fortran

Argument List

AX = Total x and y tilt in the beam. The amount of tilt removed

from the beam by this routine is added to these parameters

so that no tilt information is lost.

RADCUR = the negative of the radius of curvature of the beam found

by this routine. To produce a "flat" beam the following

calculation would be performed.

CU'(,J) = CU(I,J) * exp i(ff/XR) (x y ) (66

with R representing RADCUR

X a X(I) and Y = X(J)
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UPS =the parameter that indicates which options in this rou-

tine are to be used. IPS is the same parameter as lIPS

in name list PROPGT in subroutine GDL. The options are:

IPS = 0 Tilt is not called for

= 1 Tilt only is removed

= 2 Sphere only found

-=3 Both tilt and sphere found,

2 tilt being removed.

Common Variables Altered

CU - has tilt removed

CFIL - starts off set to CUJ, then has both tilt and sphere removed.

Subroutine TILT computer printouts follow.

SUBROUTINE TILT 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.4~7

SUORUV1. 1ILT(AXAY*AAUCUNWIS) CYCLI.9 Ij
C PHASE CU)NLCT1'JN ?~iUlJUFE CYCLL9 14.
C THILS HUUIINL DETLRMLNES rIt LIN.AN~ ANt) tUAURIAricC cuNPNEI4I OF CYCLE9 Is
C OHA5k. Ir ALSO '.4UVES THE Lii4EA4 CUMI'UNLNT dF.4 KETUMNilN CYCLE9 16
C iTi rst CALLING ROUTINE. ;YCLLVA IF

LEVEL 29 CU9LU~i,(,HL0 CLEY To
CUPMO.'4 /'ELI/ CYCLE9 19
COMPLEX CU.CFILCMACMCdA&CACAACCCCCCCNJCAACAYLFACT, CYCLL.9 do

A Cfl.C1YOCCNJtCHLNT CYC;Lt. tot
O1mEm'4uivM CUW(I .C1Lh(.I) CYCLL9 d2
CiaUI'ALL.i4Ct (CU(1)vCUM(l)) 9 (CF1LCL*I),(,FLH(I91)) OLL9 63
wmirL(baJol) CYCLI'9 6-b

301 FUNMAt(VUMOOOO LINEAR ANU/UtONLRtI~CAL COMPOUNENTS OF RM9Abt AWE d~l CYCLL9 as
AWt 'dEM04t) 000/) CYCLL9 86

I TMAAR3IJ CYCLE9 a?
Si1HfOL*.u01 cYCLE9 as
ICIKA80 CYCLE9 69
ICuICHOU CYCLLi 90
0183.14tl9i CYCL&V 91
DELA 2 AtlV-441D CYCLE9 92
AAT0120*u CYCLE9 93
AWVOT40*0 CYCL.19 94

Kom auLYCLE9 95
hAA 8 0*0 CYCLIE9 90

CAY a 0.0 CYCL19 9?
(NI' a g.U (YCLI.9 96
WAUCUR I .EbQ CICLE9 99
R4UOLuU I.Ebo CYCLE9 1go
£AUL) AA CYCLE9 101
AYJOa AY CYCLI9 1041
POW a 00u CYCa.9 103
00 20 ja1,NIer CYCLL9 104
1)0 20 I.J.NOTS CTCLE9 lob
1.j a A (J.1)*Nots CYCLE9 106
CFILII..J) a CU(..J) CYCLE9 10?
POW a CUNEJ*2-1J0*2 * CUI(IJ*Z)**2 *PON CYCLE9 1o6
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c P~ a FLL1.OON.J1CF~t1~))'OwCYCLE9 11)9
zu comir iuE CYCLE9 110

P~U a polloucLA**i tycLe9 ILI
NLI.MM a Nplh-i CYCLL9 112
NLLMY a NpY-I CYCL.LV 113
IF CNVS*N4IpY)NdIMYmN##Y CYCLE9 114
WNLTL 16.ldua C'VCLE9 Lis

L60 FOeRNAr gaM.43mL'rEPRt4ULA1t UI.VIM~IATION RE54uLT5 i CYCLE9 116
A LUN ITENAJIUN.SM.bMFOCALI~uAOMAUCUI4,9M.JOATM.IOA.JmATY* CYCLE9 III

8 tUAotFAAroT~jA~bMAYfUI CYCLL9 118
ZS IF (IVS .cue 2 ) ou No b CYCL.A9 119

AUIJNT aAOuhT.l CYCLE9 LaO
CSQ.MA ( 0.090.0) CYCLL9 LzI1

CSU$Ay 10.000).0) CyclA99 182
00 30 JudoNLIMY CYCL19 183
.1 IJ# CYCLL9 184

J~j-ICYCLE9 123
IF IJ.LUoNpY)jlaj CYCLE9 196
CkfaCFIL ( Lea) CYCLE9 19?
CAaCF-IL £8.1) CYCLL9 1ds
00 30 Ix4*NLLmA CvCL10 12

CAAUCFZL£L.JlI CYCLE9 130
CCCs4LF IL (I *,jM) CYCLL.9 141

CCUCd CYCLLV# Liz

Cc~uCA CYCLIE9 144
CAaCFlL(l.l.,j1 CYGLE9 134
CCNJ 8 CUNJOICI) CYCLE9 J!3

C'SMA * CCNJICA-CC)/d.OCU4A CYCLE9 136

C~iUMY M CCN4(CAACCC)id.O*CbUNy CYCLL9 L41

ju CON? LNUE CYCLE9 Lis
CAA a ChUMA*ULLA CYCLE9 149
CAY 2 CSUMY*UELA CYCLE9 140
AILTA *ALMA( .itCAA)/i'UU CYCLE9 1'.1

ATLTY .A14Ab(CAY)/I"UW (YCLE9 144
IF£NI'rS.kQ..NPY) Go riu ba CYCLI9 143

ArLTY.00. CYCLL9 144b

b2 ATAu-ATLfX4,wL/(4.o~L) CYCLL9 145

AT'raTLfY*vlL/ (i.*L) CYCLE9 146
AAMTOTAAior*At CYCLE9 147?

AYTaTAYyr#ArY CYCLE9 146
AAUAA*ATA CYCLE9 149
AY=AY*ATY CYCLE9 ISO
uU 40 J~lqNY CYCLE9 L131

J~u(J-W*NVT5 CYCLL9 158

ATLYY a ATLTY * A(J) CYCLE9 1bi

00 40 IaL.NeTs CYCLE9 IS*

INO~maJlo* CYCLE9 156
P.41 S ATLTAOA(1) * ATLrYY CYCLE9 1b6
CFACT 8 CMPLM(CO('N)SNA1 CYCLE9 is?

C CFACt a CEACQLAU.AtLIA*A(l)*-ATLTYMX(J))) CYCLE9 156

CU£INUX)*CUI LNO)/4JAAT CYCLE9 159
CFILI LoiluCFLL(19,w/CFACT CYCLE9 160

40 CONTINUE CYCLE9 161
EAR a 0.0 CYCLE9 162
LAY a 0.1) CYCLE9 163
1F(AB54AA) .tI. QodgtAA8AbSIlo0-4AULO/AA) CYCL69 164
IF(AdS(A?) coa?. 0.gI*AVUAdb(L.U-AVoWU/AY) GYCLE9 165
IC^A a I CYCLE9 166
tf(g.AA.r.O.U5.AMO.EAY.Lr*.U.0I (iCMASI cyclE19 16?
&AULD a AM CYCLE9 160
LYOLI) a AV CYCLE9 169
IF msS eEsU. I I o TO 71) CYCLE9 It0

C ****** o .. *** *.O...00CYCLE9 I71

C * V.4 FULLUULNQa CALCULATIONSb U0tERmIk THE LEAST SWJAMES S9P4ER1CAL0 CYCLE9 172
c FitTOli T.4( #eAft rMA0IENT---T"E MtSULF #09 19 20!/I01 ) CYCLE9 173

c R 1 a THE RADIUS5 UF CUHWATUHL UP THE PHMASE FI4ONt. * OCLE9 174
C *e.**OO*O*FUNfjmAMI/d5/74 *.** OO*@O04 CYCLES 17S

54 Ta0.0 YCLE9 17M
00 55 *j aj Itmpy CYCLE9 177
00 SS I a It Ne~ts CYCLE9 176
F'4AG a CFIL~f201I1.J)*8 * CFlLRPI9Jl.J*2 CYCLE9 179
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C FMAG aCIILI1I * CON..i0( CFLL(11941 I ;CIA.9 IGO
T a VJ4AG * A(11009 AW*0 I f CYCI699 lot

56 COftrINUE CYCL19 102
TINT r * AkLA 0 UELA CYCLL9 163
CHAl (009.0.) CYCLA9 16
CHI (0.90.1 CCLL99 ids
O 60 4 9 2 NLLIMY CytLE9 166

J~-J LLYCLEY to?
J14mJ-1 CCLEa.9 led
IF W(JOAPU,*'I j I Mj CYCLE9 169
CdmCh- LL (1I (CLL I Vo
CA2CFIL(d9%)) 0.CLEV 191
f.M. Ov IaNLIMA CYCLL9 Iva

CAAMWIIL(IJA) CYCLIE9 193
CCCUCF IL I* I1 .. yCLA9 194
CC2CkO CYCL69 195
Cb1*CA CYCLL9 I "
CACFL(1,.J CTCLE9 19ll
CCj a CUljG4CdI CYLI 9

Call a CCNJO (CAA-CCCI A 1.11/d*.Chll CYCL19 ZOO
(So CONTINUE CYCL99 40 1

CalINT A UELA * I CHIl CrIA )CY(CLt9 202
a a -AIMA4iI CMINT INTj CYCLk.9 203

1F~s($.L.(.*~twt/1l~HFOCAL a2't'IiIWL*d) C'1CLE9 204
alAOCUR a 1FUCAL'alA0CUNII(FUCAL*alAUCUH) CYCLESP d05
1F(AS(RIAOCU.O.GT.U.QUsA1.Uo-UL/AUCIR) CYCLE9 200
I K.ARM CYCLE.9 20?
RUOO 2 4AUCUR CYCLI.9 208
IF (EF4U.LE.5PMIUL) ICAIIWo CYCLLV a09

C CHA*O a CMPLA(0.O.9II/(WL*FULAL)) CYCLIE9 910
PI~wLF a PL/(wL64;-3CAL) cYCLE9 at1I
00 80 JALONPY CYCLt9 212
ISO a A(J)**a CYCLE9 213

00 0o 1U1,NptS CYCLE9 414b
12 a 941 CYCLL9 it's
IZAI a 12 - I CYCLLV i 10
041 a (X(I)*Oi # YSQ) * O1I~aLF CTCLE9 all
SLNE' a %IM(VHI) CYCLE9 ilia
COSbA a COS(E"41) CYCL99 219
CUR$5 a CFLL419j) CYCLE9 220
CFILi4(I2M1,lvj) a CUIRb*C0bW. - aFI6al(Ie..jI*bLN CYCLE9 221

60 CFILOl(14*jl a CUNSOSINO CFILR4(12,vJICUSP CYCLE9 222
C do CFILIIJ)CFILI,J)CA((A()** #(J)O)CNA)I CYCLE9 223

10 UMaA a 0.0 CYCL19 226
wa4ITE(6.991 KOUN?,VOCAL.NA0CaJUATAil.t~AA101,AYTOT CYCLE9 225

190 F0O#4AT(1A.I594A*6QIJ*41 CYCLE9 220
IF(FOCA*LGT.-4.4bAlO.FOCAL.Lrob.EUbIN0MOUN~t.Lr.LTlAA)i~o TO 25 CYCLE9 22?
IFILCMA.Gr.0.0'.ICiAN.GT.U.*AY~A0IUNT.LT.1TMAA) 40O TO lb CYCLE9 226
IF(IE'.EU.I.UA.IPS.EQ.J)wN1Tt Ie.201)AAtOIAYTOT CYCLE9 229

201 FORMAI (/ZQA.1O4LINEAR CO#4WVNe.NT// CYCLE9 230
A I0A~dnrIL1 IN 1NA9Hl a A(A) a#019.498gl MAUIANS/ CYCLE9 Z31

x 0OX9AITLLT Ift 1E4Y9W a AMT 69012.*96"i HADIANS) CYCLE9 232
IF(I IS.GC.2 wWllTE(*#6?)MAluCU. CYCLL.9 Z.3

67 FOOMaAr(.'JOA*19045MEHICAL (GUNVftNN.i CYCLE9 d34
A IOA.J2NP"ASE FMONt CUNWAIURE a WAJCUH *a**a2.4.J C14I/) CYCLA9 zis
NI TUHN CYCLA9 lie
EMU dCICLE9 ai7

37. SUBROUTINE ERF

a. Purpose -- The function ERF generates the error function

x -t2(267)

erf(x) 2~J - dt
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or its complement, 1-erf(x), for any input value of x. This subroutine is a

copy of the ERF function available from the AFWL scientific program library.

Figure 73 shows the Subroutine ERF flow chart.

<- YES ANS -1 LROP1.294-

296
X OUTSIDE
RANGE

x" >9ANS 1 LRPO.27,--"
299/ /,f, NO

YES CALCULATE

ANS LROP1.302,--
A USING A2 313

ANS LROP1. 323,
ERF(X) ? USING A3 334

ACCORDING TO
INTERNAL NO

CA LCU LATE

ANS LROP1. 339,-
USING Al 349

GENERATE
I-ERF(X), IF ES ANS ]-ANS

DESIREDNO

i RETURN

Figure 73. Subroutine ERF flow chart.
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b. Relevant formalism -- The error function integral is approximated

over discrete intervals of the argument, x, by Tchebickef (Chebychev) poly-

nomials. These polynomials are evaluated in a loop which combines the recur-

rence relations for generating the polynomials and a running summation of the

terms as they are generated. Coefficients for the polynomials are provided in

a data statement for three discrete ranges of the argument. Argument values

outside this range will return a zero (0).

Argument List

ANS error function value returned to calling program

KODE flag to indicate computation of erf(x) or 1-erf(x)

XX error function argument

Relevant Variables

Al array of coefficients used in the polynomial expansion

over the range lxxi < 2.

A2 coefficient array for the range 4. <ixxl< 6.

A3 coefficient array for the range 2. <Ixxl< 4.

SUBROUTINE ERF 76/176 OPT=1 FIN 4.6+452 04/27/79 12.23.47

jQ6U~bUTINEt kPF (IUU,AA*AW)J LHOOPI dt8

C CUMOVUf dY CHMEYa4tv LAPAIblUNb UI INILOVALb. LNUPI b9

C KUUCad ( OMuTkb kIAIu) LNUPI dOO
C KUU[ni CUAWaUT[b EA1-C1AJL-tW1,4A) L"UP| d6L

G L"UP1 d01
C Cut. 600 4Juf[,4 LWUPI d63
C 1-41* LNUI d64

ULMEN |US. AlEJI) pAili7) sAJIIO) LN$J#1 ib(

UATA(AI),IJ).',6091.Ue I~ie|,toGO6.02 d140TJlV9(a0.ot L.UP1 dO?
1.J39 e|3796ezL-1to..-diSieb 5a9.4Jb-d.0..4,01:9go4Sb7g3(-3 LNgPI lbs

4uLWNUP1 217
SLUPI dT9

LOOKL 272

3Uo.ou*qQ90(1l,0..~o-deDUU 4Lo-LJt,e5 ?63856(-14.U., E.NUPI i7a

C LIUP I *O

1 l4 e3601 Z0oJt6e 1 1193Sv-40 UA ,1o Oo 16346I 06 89 1 2 o roe3ef169 LOUP1 276

Z3lbI9.-9,-lEeTTI9 J9T7891s-,077uLJ99Ugqe6C-,-,. 1241 l0L4 L UIWI *03

s.a.0ee~,.JI S40L- / LMUPI 20e
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C 1iW 207
DATA WTPL9ALIfM/I#7794b3650901529 2.bd408bU6438ZE~1/ LNUP1 2"6
OATA I lNdIN.4M/1J.,b1.5 LHOP1 M6

C I..IUpt 990

GU. TO (100.d00IAOUE IAOPI Z92
100 CONTINIUE WWI09 e91

IF(X.LE*-6.) 10940 LhAOP1 Z94
10 AN%8l.. LNdOPI 291

20 IF(X.Lr.b.) 4a0 10 12 LMCOP1 ZVI
A *al LrIUP1 i9s

IETuRN ..WoPI it"
*Z 12 FiALT...h CIO 1O 30 L14001 400

ASSION 26 TO ISET LOO4P& 301
6 1 CONTINUE L9001I 302

z.4o/A * rtsU*z INOPI 303
820.640PI 304

also. WWUI 305
00 a ,r.21q1 LIfUP1 306

JUNZ-1- IIQPI 30?
TEMPUS 1 L"U409 Jos
I81uTL*91-d52*A2(J) L"UP1 jog

25 CONTINUE LWUP1 311
ANSSZ*bI2.4 112.Lquo 312
AN5AtEXW(-A*A)/A*WTD1) *AN5' L14UPI 413
(MI TO LSLT#Q69Zl7.2S,99 L04001 314

26 ANS&1.-AN LANUP1 J51
Id? RE T U4N L14UI .310

2'i AN$ a -1.*ANS LNUbP1 .317

.30 CUN'TINUE LA4$1 .19
IF(.4T.9) 31*40 L14UW 1 4420

41 CUNTINUE L14UPI jig1
ASSI43N J6 TO ISLT LNW'01 ile

45 CONTINUE LIUI 33
ZOA-3. % UZ 8* LI4UP1 324
adwo. i.NUPI ids

G~O.LMUPI 4420
UU. 36 Jsl ,N3Mt LPI1W1 J47
AuN3-J. I L04UPOI "a
TEMB'edl LNUP1 329
GlaT2*H1-u2a*AJ(A) Lpqup 1 330
02' TEM* LNUP1 331

36 cu-4rIwuE I.NUPI 352
£NS4Z*O1-R2*A3 (1)/4. LNUOPI 333
A(4S=EAP (-A*AI *ANS/X A I.NWI 33*
4O TU IShTv126varv28.29) 6140PI J335

4o cuNTmsiuc L4UP 1 346
IFIA.LT.-2.) G0 rO !io LNUIP1 337
ASSIGN at to 15&T L140PI 33d

4a CONTINUE LOUP 1 339
ZRA/l.* S TZZL LMUPI 340
8130.e LMUP1 341
asou. LmNI 542
00 45 1016"1"1 L14UPI 343
J841-101 LMOI'1 344
TCVFWIo L"UPI 34b
*IuVL*61-620AI (J) LI4UP1 346
SluTE0MP LMPIOP 34?

4S CON TI NuE L10P 1 346
ANSm(A/Z.IOIS'S1-V2* AL(IM/d*J L10P 1 34*9
WO TO IS&T#(2694f?2~9) L140P1 350

50 CONTINUE MP 31
IFIA.GT.-*. 51.60 t.MUP1 392

51 CON TI NUE LmfUpI 3b3
ASSIGN 29 TO ILT SAE-A b GO TO JS L"UPI 354

60 CONTINUE LOOP I 3US
Au-El LKUPI 356
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goo CONTINUE iUI 360

IF(X.QT.-6.) Go ro aub L"Upt 301
ANSma. s NtETUMA 6pluO1 302

c L~HOP 1 363

2US IFIA.L.T.ALIM) GO TO 110 LMP *
Amso.s w romLHUPI 369,

210 CONTINUE LHOI 3"

IF(X.LT.4) Go TO g.ib LHUPI 367

ASSIGNt 21 TO ISET LHOPt J64

Go TO 61 1.1401 369

C 1.14091 370

1IF(A.LjT.4.) O TO 205OP

GOLjM TU ~ 1401 twll 1

6"1409 jib
2doAslonarTO 51T .140601 JIG

G4 To) 3St
c a 430 1 318

ASSIGN ad 10 IbLY &."opt1 300
1U1.A s Wo ru 61 t.Op jai

go Asma4.-A'4MS b LTJNN 1.1409 1 Jd

1.14011 384b

GO TO 31 LMaiPI Jos
ENO
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SECTION IV

USER FAMILIARIZATION PACKAGE

The following section contains sample input to run the SOQ code and to

logically define the sequence of input to model a sample resonator or optical

train the following examples are included:

1. Propagate for Users Guide - Camp

2. Propagate for Users Guide - Vamp

3. Quality for Users Guide

4. Design of a Bare Confocal Resonator

5. Resonator for Users Guide - Bare

6. Resonator for Users Guide - Loaded

7. Sample Code Update

1. PROPAGATE FOR USERS GUIDE - CAMP

JuAPC,.IAFXvP4O0nTIr/,hC1, WW0GATt IUk iSERSbUIDE - CAMP
ACCIUNT(JALT.o00*0'-L0O*.,I 1731)
CETPI (OLOPLSOIJ?7IU2,*000*0)

dJPUArE (F9W)

FTN(ILCM:T,PL=2no000L=0,A)
WET Ri (OLOPL)
COPYC9.INP(JT. rAPF5
PEwINO.TAPES.

QFLFC(430)
LGO(PL=h00n0)
WFLFC(I)

PwOPAGATE - CAMP
$STAQT WWL*0&n010'S9 NCALL8i OCALlS|,9 NNPTS*12H

linda nnPxz0.o0 nURY=0.0, AMPGFSz0o0o nGAUSSO.no
WE5TRT2.FALSE., PLOTSI.0, INS,
SY4rTC=.FA.S.,, PmIRAOuU.0, SENI)

PROPAA&TE - CAMP

SCONT4L IFLOw24. iLNn
APETuPE THF PLANE WAVE TO 10. CM.

SAj rto Oor= oa. 9 INsO., F ".417
*CONT4L IFL'lWs$. SEND

PLOT THF INITIAL PLAN. WAVE

$PLUT $FNn

INITIAL PLANE WAVE
$CONT4L IcLOw3 $ENO

PROPAGATE THE FIFLO 4000 CM. USING CUNS1ANT AREA 4ESH

SPPOPGT nFLZX40n0., POCUkV20.. wINOUA20.1, WINOOK20.1,
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IIFGtlg IITku~q IIIps~oo SENl
SCON4T.L IFLOwus, SEND

PLOT PPOIPA(ATFU FIELIJ
IPLCT SFNI'

PR~OPAGiATED FIELDC,
CONTWL IFLO~~s'Q SENIO

WETIjPN TO MAItN
$START wi z-. sFNO

2. PROPAGATE FOR USERS GUIDE -VAMP

100=JRAUG,STMFX.P60,T77,EC1. PROPAGATEFORUSERSGUIDEVAMP, IDzLREPPEF
I11 0=ACCOUNT(JRALT,0001 1498-1 ELLRO, 1487)
1 20=ATTACH(OLDPL,S00771 28, I D=LROPJRA, ST=ANY)
130=UPDATE(F)
140=FTN(I,LCM=I,PL=20000,L=0)
1 50=RETURN(OLDPL)
160=COPY, INPUT, TAPE5.
170=REWIND, TAPES.
1 80=RFLEC(430)
190=LGO(PLz60000)
200=RFLEC(1)
21 0=EOR
220=*EOR
230z PROPAGATE A MIRRORED PLANE WAVE A DISTANCE DELZ -VAMP

240= $START WWL-0.00106, NCALL=r2, DCAL=5.6, NNPTS= 128,
250= 18=8, DDRX=O.0, DORY=O.O, AMPGES=20.O, DGAUSS=0.O.
280a RESTRT=.FALSE., PLOTS=1.O, IN=5,
270- SYMTRC=.FALSE., PHIRADO.O, SEND
280z PROPAGATE A MIRRORED PLANE WAVE A DISTANCE DELZ - VAMP
290a $CONTRL IFLOW=2. SEND
300m APPLY A MIRROR TO THE PLANE WAVE
310= SMIROR DIAOLITx4.O. DIAIN-O.O, XMPOS=-O,0, YMPOS= 0.0,
320z RADC=-400.. RMIR=1., =SEND
330= SCONTRL IFLOW=8. $END
340a PLOT THE MIRRORED PLANE WAVE FIELD
350= SPOT $END
360= INITIAL MIRRORED PLANE WAVE FIELD
370= SCONTRL IFLOW-3, $ENO,
380= PROPAGATE THE FIELD 200. CM. USING VARIABLE AREA MESH
390= SPROPGT OELZ=200., RDCURV=0., WINOOX-10.1, WINDOK=0.1,
400= IIFG-2, IITRI., IIPS=0. SEND
410z SCONTRL IFLOW=8, SEND
420= PLOT PROPGATED FIELD
430z SPLOT SENDK 440-PROPAGATED FIELDSN

460t ETUN O MINPROGRAM
470= $START WWL=-l.. SEND
480='EOR
490-*EOF
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3. QUALITY FOR USERS GUIDE

ACCfIJNTJALT*@42.4U*-*OOLNO,1731)

(iL tPF ( TA EI 15 W9,61) T I r) ,A L U I I I):@e*@*44

F TN (1 0,. C'4= PL= nu qi= q.: A)

REWINu)9rAPF,.
PFLEC ('30)
L(,LJ PLO0n)
kFLEC(l)

I NOII T HE ;4114L I Tr YOF 14E - IF LI)
SqTAPT WWL=.0(oIOA, 'ICALL:2, .)CAL214.T71, K1NPTS=l?Aq

l~d nowixZ0.t, nl(JY2O.09 AMP(;FS=1.Uq tWrAUS1S G.fl.
PEST4T= rTPUF,- PL0TS~j.0lr,4=59j
SYMTQC=.FALiF.- P"I'?AJ=U.09 iF~ju

FlIN) THE~ (11ALITrY )F Ti,4t F t!
iiC0.,4TkL IFI L 1= C,1

PLIT? TH F IFLU
IiPLUT 1.)

F'IE! l AT INW07

'Tilo! To AI tfltpM~ ) r')LfTY Cm CUij Ai :

4)STAPT VwL-1.- SFNf)

4. DESIGN A BARE CONFOCAL RESONATOR

Assume that one wishes to design a positive branch, unstable bare

resonator with a collimated output beam for a given geometric coupling

Cg, length L, and concave mirror size (a1) To solve this problem design

a confocal resonator in the following fashion:

Geometric Resonator Design (Fig. 74).
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Define the following parameters

a ? ' I --
CCM

Figure 74. Geometric resonator design.

Recall the definition of geometric coupling.

2 a2

c - 2 - wa1  1 (268)g :TTAL ra Ta2

Ira2

But M = a2/a1 is the magnification of the resonator, thus

Cg- Cg( - (269)M2

Or inverting this expression, one finds

M lT= c 1 1o
T-C_ (270)

Given the magnification and length of the resonator, one can find the required

mirror radii of curvature, since for an aligned confocal resonator both the

convex and concave mirror foci are coincident. Figure 75 describes this

coincident feature.

Figure 75. Required mirror radii of curvature.
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a. The focal lengths can be related to the magnification by noting

that

tan e . = 2 = (271)
1 2 =3'

therefore

a 2  f f+L

al (272)

The focal lengths are then found to be

L _ ML (273)
If and f 2 I=fl M-1

Since the radius of curvature of a mirror is twice its focal length, the two

radii of curvature are

R1 =-2L R,=-IR1  2ML
M-1 - 1 M-1 (274)

where the negative sign indicates a convex mirror and the positive, a con-

cave. For example, if L f 200 cm and C = 0.75, the magnification and radiig
are found to be

1 -

=- - 2 (275)

R .-(2)(200) -400 cm and R2  -(2)(-400) - 800 cm (276)(1)2

b. Tube Fresnel number -- The tube Fresnel number for this resonator

can be found by the fact that the expanding pass propagation distance L has

an equivalent collimated propagation length of ML so the round trip colli-

mated propagation distance is (M + 1)L. The tube Fresnel number is then

(assuming the CVM is 2.0 cm in radius and the beam has a wave length of 10.6

urn).
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I

___ __ (2)"
N - -2-) 6.29
T C +l)LX (3) (200) (l0.6xl0 - )  (277)

C. Computer requirements

(I) Overlap -- Since the beam diffracts during propagation, it is

necessary to have a large enough calculation region to always contain the

beam. The required overlap can be calculated according to Sziklas and

Siegman (Ref. 2) as

1G 1 + .

NT (278)

where e is the tolerance on fractional energy loss during propagation. Taking

this to be 0.02, one find the guardband to be

-- > 1. (279)2 (6. 29) (0.02)

Thus the initial calculation region must be at least G times the beam size:

DCALC = 1.4 x 2x = 5.6 cm (280)

(2) Number of points required -- Sziklas and Siegman also show
that in order to adequately sample the beam, the number of points in each

dimension must obey the following inequality:

Np 1 4G(G + 1) NT (281)

This becomes

. > 4(l.4)(2.4)(6.29) = 8(5

Standard input for the SOQ deck is 128 by 128 so this criterion is satisified.

d. SOQ input -- As a result of the above discussion, the parameters

used for a bare resonator test case could be the following:
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NPTS =128

DCAL - 5.6 cm

cVM: RADC -400 cm

DIAOUT =4.0 cm

DIAIN =0.0 cm

DELZ =200.0 cm

ccm: RADC a 800.0 cm

DIAOUT = 8. 0 cm

DIAIN =0.0 cm

S. RESONATOR FOR USERS GUIDE - BARE

JRH4sMxP4ojfEj HEONATORFONUSFS'UTI)EBARE
ACCfllNT(JALT,*~4@*-.4,LNO,1731)
PELJLJE5T (TAPEF8.OPF)
wEULST (TAPECq,'PF)
GETPF(OLDPL.SOQ77128,Iu)=4*.**.4
UPUATE(FqN.wvL.z0)

* T(,1LCM=I,p:t-2n0.oLz0A)
'WETUi4.(0LOPL)
CUPYCR. INPIJT.TAPE5.
PEwfN~qTAPE5.

GE TPF (PEgL 9kSRSGIIJItl') ARECU 9 1 U=b****)
QFLEC (43O)
L(jU (PL='#O0f0o
RFLEC (1)
PUPGE(WAPE~IJSFNGID~EApECuSM,IU=e44o*ee,LC=1
PUIG-E(WAPE-ouSPSoiflE.AF4ECA,IUs*..***,LC=1)
CATALOG CTAPES ,uSEASG(JIDEBARECUSm. IO0*~** .RP=Q99)
CA TALOG ( TAPE Q , SFPS00 I DOAP4ECU, Rp-i-QQQ)

SIMPLF CONFOCAL RARL RESONATOR - Mu2* NTUB~xS.O3
WSART W',Lu0.fl1OA, NCALLs~o OCALx6.49 NNPTS=12B,

* 18289 DOPXaO.09 DOQYXOe0. AmPGESateO.09 n6CAUSa.09
,ESTRTs TktlE.9 PLorS=I.os 1;ss
SYMTC.FALSE., PIRtADO909O SFND

SIMPLF CONFOCAL, 3ARE WESUNATW - mx2, Nt1IIJE=S.03
SC0NTIRL IFLOwx2, SEND

APPLY Cvm MIPPOR
SM1I4OR WAC)C-2lflf., OIAOUTn4.O, (OIAINwO.G, PmTwz.99T,
OELrAxn.no ANGXAO0.n' ANG(YYO., XMPObmfl.o, YMPOSo.0.
DISTFsfl.n. fE'"'D

iC0NT4L TFLOW28, 4KE.Nf
PILOT TE CVM FIELD

SPLUT SEND
TH4E CVM FTELO

SrON~TRL IFLOOU3. SEND
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PQ'OPAGATF THF FIELDj To TmE CCM USING VAMP
SPROJPGT fEIZuinflO. WTNO0AxO.I* wINUOK(aO.19 TIFG=2* IIIS=0

SCUNTWL TF! OwaA, IREN0
I.LUT THF FIELD TNCIDE.NT ON CC~4

SPLUT $ENO
FIFLO INCTflENT UN CCM

SCONTAL IFLOW2 iFND
APPLY Crm

* iMIR04O FRAIC=4OflO UIAOUTR..9 10ENO
SCONTRL IFLr)kv=R. SLND

PLOT THE CCM FIEL)
SPLUT SFNfl

FIELi AFTEQ ON CC4l
SCONTRL IFLOW=3. SENn
P4UPAGATE THE FIELD RACK TO THsE CV'M USIN, CONSTANT AREA 4ESH
IPWPGT flELZ~kln00*9 dtNVLTAO.1. wIoOI(*OKx.l. IlFGxl. IIPSs0.

LITW=a, QfOClUHVzO.O 1S.NO
$CONTPL IFLOWb.9 WID

FIELD CuTOUT ANn INTEWPULAT1UN FOR THiE NEXT PASS,
$CUTOUT CnTPEAM=4.04 UVWLAP=1.6, (AxR2.9 fYYRO., MAXI1x3,

AVCIJStms(.Oq $ENO
IC014TRL !9LUW=A, vi N 0

PLOT THE FIELD INCIUtNT UN CVM
-PL'jT SFNCJ

FIELr, INCIIOENT UN CVM
ICON%PL IFLOW~to $EAD
CUNVEPGENCF TST

SCUNTQL TCLOW=Q. 9ENn
RETIJNN To MAIN P-466;Am

$START ~wLZ-1.o $END
*EO
i&EJF

RESONATOR FOR USERS GUIDE - LOADED

JWALR9SrP4FX9P4000#TT7,EC! ikEbONATOFOeSERSGUIDELOADED
ACCOUNT(JALT***#@-4*I*L'W 7 31)
RE~ljEST (TAPEs *PF
QEQUkST( TAPE Qq*PF)
REUUESTI TAPE I I .F)
REUUE51 (TAPE1?*.PF)
REQUEiT(TAPEI 3,#iF)
GEIPF (OLUPL ,SOU?7128. Ilnu*)
UPDATE (FtNvw*L=O?
FTN( Y,LC~mTtPLx'fl0flOLz0.A)
4ETOWN (tLOPL)
COPYCW94INPtlT. TAPV~,.
qtwIND, TAPFS *
eiE TPF ( T AI9,1 SSGl I L,)ADLC 1 0040*00

GETPF (TAPEI 1 USEQSGUTUELUAUEDCGII .IUu'*4*0)
GETPF(TAPE12USFCUELOADUlCC1 ,II)004)
LiTFTP1*SR~)ULAE~lo~**40
fETPF(TAPE11OPD13141P~b CCONTXYI'00 4 *0)
QFLEC 14J0)
LGQ (PLXAO(?O
RFLEC(lJ
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PUJGE(UAPEA*,uSERSGUIflELOAUEUCUSM, It2u''***.,LCaI)

I"UNS(WAPF.1 1 uSEOSC~uIUELOAULDC611'isUx 0**'*,LC=1)
PURGE(WAPE12.USERSrUTUELOAiEDCb21,U*....*LC31)
PURGE(WAPE13.SESUTELOAEC,1J,10244*4@..LC=1)
CATALOC,(TAPEiR.USERS43UflELOADEUCUSM. tD**o.*,RPuQ99)
CATALUG(TAPL.QUSEWSGUIOELUAUEDCU.ID=*4*****,RPxzQ9
CATALOG(ITAPE 11 ,USEPSCGUL ELUA)EUC~lll 'IUx***4* ,PPu999)
CA TALOG (TAPF 1? uSEQSGaU tfEL(JAD)EgICG129I, o** PPuqqQ I
CATALOG3(TAPFI3.USFRStUflELUAOEUC4I13,IDO=O*o*,P=9Q9)

OEOR
SIMPLE CONFnCAL LOADEU IIESUNATOP - M=29 NTURE=5.03

SSTA14T WWL=O.0OOIO69 NCALL=2, DCAL=6.49 NNPTS=128,
1B=89. Dnwsxxo.oo uflTynO.O AmPGES=20.O. OrAUSSfl.O,
RESTRT= .TRUE#* PLOTSa1.O. 1N=5.
SYMTRC8.FAI.SE., P'4IPA020.O, SEND

SIMPLE CONFOCAL LOAIJEU RESJNAruw - Mz?9 NTURE*5.03
SCONTRL TFLOW=29 %END

APPLY CVM M4IRROR
SMIRP WADCa-20fl0.9 OIAOUTZ4.O. DIAINO0.09 QmtRz.9979

DELTA2O.O. ANCXx~n.O. AN(,YY:O.09 XMPOSO0.O, YMPOS=U.0,
OISTF=2.E-7, SENU

SCONTPL IFLOW=B. SEND
PLOT THE CVM FIELD

SPLO T SENDl
TH4E CVM FIFLD

SCONTPL IFLOW239 SENfl
PPOPAcATE THE FlIEI.U TO THE CAVITY USINO VAMP

SPOOPGT OEL7=110f.9 w61NI)OX=0.1, WeNUUK=.1, IIFG=2, LIPSO,
IITR=O, kncuRvIzlon., SEND

SCONTRL IFLnw=lo SENfl
APOLY GnlL CAVITY

SCAYTYI NCAVNO=ls NSTF=49 tLkals NOL.Tzit zPROPIz0.%
ZPROP.O= 150. . SF)"4fl

SCAVTY2 XLEN=24..32,YLFN211.49 ZLEE'J75O.9 XMCAVz6.9 YmCAV=O..
NODX=1900 NOnYs9Ot NO5SL#ix3. FLACIl.9 MWESTO0.,
NGTYPE=Mo NGPLOTxO, IPUEN=O, 1USF=-I,

r5=313.9 PS2.04a22 v1P1l380., PHRCM=18.9
xN2=.dAl. XC022@13889 XH2Ua.Ui4bq xCO=.o()44, XU2z.02419
4VGAINA*. StND

USERS WjI(,E LUAOEu R4ESUNATUP
SCONTQL IFLOW=29 $ENO

APPLY CCm
SMIRUR RADC2A000.9 flAouTab.9 SENU
SCO14TRL IFLnwus. SENO

PLUT THF CC4 FIFLO
SPLOT iFN0

FIFLO) AFTER CCM
SC()fNTPL TEL O~zl %EN0

PROPAGATE THE FIELr) tACK THROUGH THE CAvT'TY USING CUNSTANT AREA MESH
SCAVTY1 NCAVNOS1, N4bTFslo !LR=Uo14 PLIU1, IPROP2150.9

7PWP0=~Inn.s SENn
SCONTQL rFLOW=A. ALNO

FIELD CuTOuT AND INTERPOLATION FiQP T~t mEXT PASS
SCLITOIIT OIQI;AMx4.l UVQLP2.t, DXCXW=O-, JYYR=fl.o MAAITz3,

AVCUSM=-1.* SkJ'4
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SCONrOL IFLOw2, V:N
PLUT THE FIELU INClUe.NT 0ON CVM

SPLUT S F,, 4
FIELD TNC1PD.NT )N CVM

i(.oNrRL IFLOwx79 Ekr~C)
CONvERG.NCF TFST

iC'NTQL IFLO.,w SFNO
'QETUQN 1 0 -AAIN bJQOGPAM

7. SAMPLE CODE UPDATE

The following file is included to illustrate the set of updates which

would be included to add a subroutine to the existing SOO group of subrou-

tines. The updates are comprehensive in that they illustrate common modifi-

cations and include a namelist and subroutine within the beam quality calcu-

lation division of the SOQ code.

Jk.AWsrf4,P40'19 I I/I q&C I@ AL)j) LLRN1K RFMOVAL TO t)014
ACCuu4T (JRALT.@0***9*@-0**LPO,1 731)
GeTPF (OLUPL .5007712'. 1)****)
UPOA rE(F*W)
FTN( I LC'4z19P.L2Cl00.*Lx0*A)
RE TURN (OLDPL)
CCJPyCR.INPUT9TAIJE5.
PEWINO. TAPE',.
WFLEC (430)
LUO (PL2600lO)
IFLEC (1)

IJU ZRNIKE

01 GWL.3l5
IZERN a 0

*1 SfJQ77CYI.656
C s 23 APPLY UP TO 24 ZERNIKEti IN UNITS OF 4AVES* REAOS ZERNS
01 GUL*29

LOGICAL FRI!NGE
*cJ r(0L.295Sf)??CY167
C /16 /17 /10 /19 /20 141 /22 /23/

x2.140.17nf~l91O,200,210,365.230),IFLOWr*1) GOL3Z5.50U??Ctv1"8
C /16 /17 /18 /19 /20 /21 /22 /23/

C APPLY 7ERNIAE
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FRINGE = FALSF.
DO 248 1=1.24

2'48 PCI) a 0.
nO 249 1=1.35

244 FWNGIT) a n.e
PEA0 (q*ZEQNS)
00 239 Is1.35

21I9 TFIPFRNG(I).NE.0.) FkINGE=.r.
IF(.NUT.FHINGE) On) TO 241.
WRITF (E6245)

245 FORMAT(/5X.*FRTNGE COEFFICIENTS BEING CONVE~rED TO 5OD OPOEP*/)
PCI) =0.

* P(?) zPFRNG(1)
P13) x PFWNGC2)
'P(4) a PFRNG(3)
P1S) z PFRNG14)
P(6) *PFRNG(S)
PM7 a WF'RNG(b)
P(8) a FNG7
P(9) c PFWNG(9)
P110) = PFPNC,110)
P(11) a PFRNG(A)
P(12) = PFPNG(l1)
P(13) = PFRNG(12)
P(14) z PFPNG;(16)
P(15) = PFPNG(17)
P(16) = PFONG(13)

P(17) = PF PNG ( I/)
P(18) = PFRNG(I2S
P(19) = PFWNG(19)

P(21) = PF3?NG(26)
P(22) = PFPNG11(I

P(23) =PFiQNG(?4)
P(24) = FRN41 3b
IF61TST =
0O 246 '(320.23

246 IF(PFWNC,1K).NE.0.) IFHTST 1
D0 243 K=27,34

243 TF(PFPNG(K,NE.O.) ITSr
IF 1 FikTST.Ffg. ) viRITE 16 4 7)

247 FOW#4AT(/SA..WARNING - FRINGE COEFFICIFNTS OF O~uER 21) THRjUi.. 23o,
C * AND 27 THRU'ib9 34 ARE IGNOWE0*/)

241 nU 242 tzlv24
242 PISAVEAI.IZERN) a P(I)

PLSAVE(25,IIERN) a P0
2&4 CALL ZFPN1PZSAVE125,1ZEkN),PZSAVEC17FQN))

IGNAL z 1
GO TO 999

OD GOL*27
DIN4ENSION IPLTS90,PSAVE25,Iln,'124,tPFNG(3,3)

01 GOL.33
IATA P*PFv4NG/24*0.93b*0*/ 9 40 / b./

01 GOL.243

C NA'4ELIqT /?EPNS/ R909PFR4Ni

C
-c RO9 2 WAOIUS OVFW 4141CH ZER'4IKES ARE VALID.
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C 0aAPPAY ZERNIKE COE.FFICIENTS.
C PFQNA a ARPAY FWTNGE ZERNIKE CUEFPICIFNTS (roNvt.pTEo To P IN GPL).
*1 LOOPI93A ,

SLJHROuTINE ZFRN(WflP)
LEVEL PeC'JR
COM4MON /M9ELT/ CUP(3276$),CFIL(1b5I2),A(12),WLaPTSMPYP4X,0RY
COMPLEX CFfL
nII4ENSION P(24)
rF(R0,FQ*o.1 GO TO 70
nO 1'00 I Y2,NIRY
J1I (TY-I)*NPTS
YSQ a X(IY)002
00 100 T1x1#PTS
XSQ X= X)*
INOX 2IX * J1
A SUPT(XSQ*YSO)

52 T.4ET a ATANi?(XC1Y)9X(1X))
Q~ x AMINI(R/Q1.)
CT 2CoS1TNET)

U~T = CUS(2.'*THET)
CMT z COS(3.T4T)
C4T a C05(4.TET)
CST uCOSC5.*THET)

J A/ j. 'I 1*~Li 1. 400' Zt fJK a,. m(VAL 14) i)iJ

CU..y(h.4* NPtITT *

-JVLECCl)
4t op

*1 ('UL.31%

C: ? j AP~PLY lip ru ?4 L',J.iI'KE1 IN* ONITSj OF VAVFe POFA:)S ZFRNq,
'1 'UL.24

C /16 /L7 11M /1q IRO /dl12 / le~3/
A.10.17n.1A0.1Q0OQODoea3e5.P30),rFL(W

00U T/F'R' z l,'EwN - I
1j; U 'r o j TO Ae4

F41N~k zFALSF,
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O0 21 11 =I 3%

21~q I P~ik I . )~ Fw I f, T

4M4I TF ( 6.e
e-4! F044 4arNA,*Fp4TNE CULXF1CIkrjTb t'L.I"N CONVEwrTFn To SO00 UUE~W.*/

3) P J 2

9(I) =Fk4

P(10) =F~,

P(11) = fw4

P(13) = P 1C,)I e)

P 10) = FWN 3
P 1 = PJr 1'46 1)

P 9) W 6NG ( 1)

(23) OF', Of:2o, ,3

J%- ~I) A/AwANG F 0PL4INF( CU(K![FT ()L .~ Uf .H jIIL..3I

C 0 ANV( ?It rofI~lUl(a4 .34 AWE liGNO~k)*/)

14 CALL
TONAL z
GO TO QQ*

*1 GO,* 13
')ArA * "~

C NAMEL. IC //F.JNI;/ -jO.,IPF'N,j

* OI a W.ArT'JS )VFrw 4MtCr' ZkWIIKr A'4F VALIn.
C 0 2 APWAY /FwkI1(F CULFFICIENTb.
C PFUNr, z AW92AY FkfFIr IFNN!IKF CULP LIFNTS (rJNvtSpTFl) Tu P IN flfL*

LI~vEt 7.C~jw
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.Oa4PLEX ,^I IL

J~1  3 T - 1 N r

I 'aO)X x ;I

5?' T-FT = AT A*s,J(A(. ( * X ( jx (

S T I ST'1E)

SJT a roIN(3b.*T'4E)

ST a SII'(2.,r)
55? 2 ';INC5.*T4ET)

S46 = SI4 4*TET

PI 2 aQ0

R4 P(5@R*CT

CE * P(l) ()*C3 *p3Z.l)C P(3 d*C3*3.Ql

A *

G P(I'7)*C4Tk32.W)C # Pi)PS 4T3*N-.*)
u. *()R*3 PUA)CU.101.wJ3*w,4bcT

F P(I12)i'5.*P5-.Q.3*C3t # * 3*4*4J*e*2

K * (20))*RSOCST * (1*b'S
L *P(2? *(20o*R6-3O..Q4#I2?.*,R21 *

60 INLJ2 a INI)A@2
DlEL x PikL*2o*J.I415q94S

COSD 2 OWL
S IND 2 SINJU)EL)
CtJ'.S a CUW(INOP-1)
CU*?CTNn?-U) CU450COSO -CURIINUZ)OSIND

IflO CUP C!NL') aCUPS*SNLh ClJQ(INU2)d.CoS0

2nOf FORI4Ar (0VZFPA'jK6 PmA!) CORRPECTION APPLIED wITsN NORMALIZATION*
A * RAUTUS OF 09GlS.' /* COEFFICILNTS USED P(1)-P(24)49

d-APE C~r~qISTFNT wITt4 THE P IASE~ UU TO TH~E NTH4 T9FQM REINGO/,
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0 M, Z(N) 2 (N)*9lI,4.F(THIETA)( W4F(N) NORMALIZE) TO 1. AT QzI.*//

rJETUQN
70 NOS4 a ?ko;jTS*N~PY

90 CUp(II) a f.0
WRITF6,3fl)

300 FORMAT(//1IX*OCU PHASE. HAS 8pLN SET To ZEPO IN SUI4ROUTINE ZERN*//)
RETURN
END

F rEST 7FPNtI(F AUO!ITIU'i
SSTART WWLSO.M0106, NCALL22. O.CAL215-9 NNPTS=1?4q

* ~ ~ jao Ii$ oRlxzO.fl InDRYno.I) At4P6ES*20O*nt nGAUSSRO.l,
RESTRT=.TwiuE.. PLOTS=1.09 INzS9
SYMTC.FALF.* PHI'qAD:0.09 SEND
sr STN(T"ET)

S3T a = N3.wwr
S4T 2SINC4.*THET)
sST a q~ta9.*TIETJ

43 2 QW

Rb 2 kOW

WM~ a wp*Q6
Rio 2 W?"RR

=E 0~(l) 0* )WC P(* kS
A

d (~5) OQ24C2T 0* )w*e

1) *~9.~'~ Pci )*N:4-3T

6 P (1b3)*4*S4T

1 J 7) (1(i~.~Z9Ji*)~

K R(20)WSOC5 T

bOINtiP INOI)A?
flEL a

CoSo 2 C1o%(UFL)

COWbS z Ct~bW ( INflP'd)
Ctc&4'i~n,,-j, 2 k^rnb*C0!)D -CUQ(INvd4,:SfND

4Wde*ITV CA9?flOl 009PI
,?Mn FOiQMAT (0.'7F4r4TKF PWA~ L014WECTIUIN APPLIEn w!To NIJRrALIZATION*

i% * RPI1Ul' OF *%2i.' /4 CUFFFICILNIS OSEI) P(l)-Ph?-*)i
Cj *0.4I~J AE Co(,flISTlPNT W1Tt4 THEqg RHASF. OUL To To4t. NTb4 TFWM~ 'EINGO/.'

I (N) z 9 U',I)s~m**f(TM1ETA)( WF(N) NOg4MALIZEUL TO 1. AT Rul.*/,'
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.JR~( T [II SU20T(CUR( I I **,e.CU.C 11*41 )*02)]
RO CIJ4 (1I 1 2 11 0

3flO F004T(,,11X,*rU PHA4SE H#AS HFtN Sktf T(I ZEWO IN JIHRmUTINE 7EP'v*//j
WETUPN

rF*ST 7Fi.Nr(F AUi)1TI(.a
ISTART Ww0Lz(-nI.' h1O NCALLu2' ')CAL=1.5-9 NNPT,81?4*g
164 nflOUxuOfl. 'UY*O.v* AMPGE~xeO.0) flGAU;S*O.fl,

r1fMTWC2.FAL5F.9 PHI1QADO.fl SENo
TEST 7FPNIKE ADflITION

SCUNTRWL IPLOWS'.9 SENfl

APEPTuwE r-4 PLANE WAvF TO In. CM*.

SCON TQ.L TFvh:1 Ow= * Ln
PLOT THF INITIAL PLAN~E wAVI-

:bPLOT SFN'
INITIAL PLANE wAvE

SCJNTPL IFLO-23o SEN,

APPLY qPFC!EP 7t4'NIKeb

%co,,rFJL rFLoW=4s $ENO
PLOT TwE /Ft'IKL( P~LANE aAVE

SPLCT sfNf
ZEINImEn PLANF WAVE

iC(JNTWL IF10Ow:23. SFNE)
PEr4')VF~ SPLCrED ZEW4NIlES

bZERNS RI~=c. hFLWN,3i-.I9 PPRNG(4)=-.1* PPWN((5)*-.l, SENU
ICUNTRL rFL1W=A- SENfl

%PLOT SF'ir0
nEZIFWNIKE!n PLANE W.AVE

JC(ligT4L I9L~wz~v iE.ND
PiFTrUPR T(n AN

$SrAOT WLz-I.* SEND

To obtain source printouts of the SOQ code, the user must run the CDC
update program. The compile file may be used as a source listing or if the

user so desires he may run the Fortran compiler on the code to obtain a

comupiled version or listing along with any desired Fortran compiler options

supported under the CDC 'lOS/BE system. The file output will contain the

desired listings. The following job setup is include as a guide:
Job Card

Account Card

Attach, OLDPL, S0Q77128, IN.
Update, F.

FTN.
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